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The advantages of D.S.O. Cables have 
already been recognised. Some 21,000 
yards of 33kV aluminium sheathed, 
aluminium conductor cables are being 
installed at Bloemfontein, South 
Africa by our associate BICC (S.A.) 
(Pty.) Ltd. This project will link 
Bloemfontein power station with 
major distribution points at 
Bayswater and Dan Pienaar. 


in Oil-filled 
Cables 


Here is BICC’s latest development in 
33kV power transmission—the Ductless, 
Shaped-Conductor, Oil-filled Cable. 
Dispensing with fillers and built-in ducts, 
this new design is essentially one of 
economy in materials, resulting in reduced 
cable costs. A full range of joints and 
terminations has been specially designed 
by BICC for use with this cable. 

D.S.O. Cables can be supplied with 
aluminium sheaths or reinforced lead 
sheaths and copper or aluminium 
conductors. At present day metal prices 
the all-aluminium D.S.O. Cable (aluminium 
conductors and aluminium sheath) 
offers the most economical design. 


Further information 
on D.WS.O. Cables is 
available on request. 


DUCTLESS SHAPED-CONOUCTOR OIL-FILLED 


BRITISH INSULATED CALLENDER’S CABLES LIMITED  - 


33kV CABLES 


21 Bloomsbury Street, London, W.C! 


Branches and Agents throughout the World 
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T has been interesting to see how technical and eco- 
dow developments in nuclear power generation 

are being linked to an increasing extent with pumped 
storage schemes. The nuclear power engineers are 
finding that the ideal partner for their stations, as 
predicted in these columns on many occasions over 
the past few years, is hydro-electric generation in one 
form or another. The ideal form appears to be a 
water-power development having an upper and lower 
reservoir, with facilities for normal power generation, 
as well as for operation purely as an energy-storage 
device. But failing a suitable site for a prime energy- 
producing project, it now seems likely that the urgent 
needs of the power supply authorities, who will have 
considerable segments of their power plants in 
nuclear form in the next decade or so, will require 
hydro-power sites of the purely pumped storage type 
to be developed. This means that topographical limita- 
tions will be greatly eased. For example, it will be 
possible to consider pumping water from the sea to 
an elevation of perhaps three or four hundred feet, 
where no sizeable river exists. 

It may well be a useful study for hydro-electric 
engineers to consider, well in advance, the problems 
they will encounter when asked to design pumped 
storage sites of the latter type. First, it may well be 
that the pipe lines will have to be lengthy, as the sites 
may involve the use of gently sloping ground. This 
may mean new conceptions of conduit design. Fric- 
tional losses, which come into play on this type of 
project twice over, On pumping water upwards and 
on running it down again, will play an even more 
important part in the economics of these schemes than 
in straightforward uniflow projects. 

The problems of over-pressure which may arise 
with sudden cessation of water flow during genera- 
tion, due to the shutting-down of a defective machine, 
may involve investigations of a type not previously 
undertaken in detail. For example, pneumatic reser- 
voirs installed on the long elevator pipe lines may pro- 
vide some of the answers to these problems. 
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Also the construction of dams at the upper reser- 
voir level for schemes solely designed for pumped 
storage may involve technical and economic prob- 
lems not hitherto encountered. While the present state 
of the civil engineering art is such that a dam can be 
built almost anywhere if economic considerations do 
not form the prime criterion, in the case outlined 
above the economic aspect would tend to dominate 
all else. Thus it may be necessary to evolve new tech- 
niques; the basic problem is one of dealing with a 
large quantity of water, and this could be accom- 
plished either by providing a low dam to enclose a 
large surface area, or by building a high dam to pro- 
vide a deep reservoir. In the case of normal hydro- 
electric projects, this decision is one which does not 
normally have to be made, since the hydraulic features 
of the water supply to the region leave the develop- 
ment engineer in no doubt as to the type of structure 
required. 

For the dam in which water pumped upwards at 
off-peak periods is stored, a type of structure which 
is basically nothing more than a ridge of earth, per- 
haps pushed upwards from the surrounding ground 
by bulldozer methods, may well be sufficient. The 
problems of compacting and sealing such a structure 
as cheaply as possible may mean that thought has 
to be given to new techniques such as the introduc- 
tion of plastic sheeting into the dam, or the employ- 
ment of grouting materials having a degree of flexi- 
bility not so far achieved. 

The rapid filling and emptying of reservoirs of the 
pumped storage type may give rise to problems of 
erosion of the bank, and of entraining solid matter in 
the water, which would not occur if the filling and 
emptying process took place with the slow rhythm 
that usually exists in the storage reservoir of a “nor- 
mal” hydro-electric scheme. It may be that special 
measures will have to be adopted to line reservoir 
banks by cheaper methods than those now commonly 
used. And in regard to the actual power generating 
plant, the desire to reduce the capital cost of the 
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equipment to the lowest possible figure may result in 
a degree of standardisation not so far attained. 

In the field of nuclear power generation the trend 
which has rapidly developed in the last few years has 
been for combinations of firms, usually including civil 
engineers, pressure vessel manufacturers, and electri- 
cal engineers, to put forward a joint offer for a com- 
plete nuclear power plant. This trend is particularly 
noticeable in Great Britain, where three of the five 
groups now formed for this purpose are actively 
engaged on nuclear power plants. It is conceivable 
that considerable advantage would be obtained if 
these nuclear power groups were to call in the hydro- 
electrical engineers so that, between them, they could 
offer the electricity supply industry not only a co- 
ordinated scheme for a nuclear power project but also 
a pumped storage station especially designed in 
characteristics and size to the nuclear plant with 
which it would be associated. A supply authority in- 
vesting in a unit of this kind—a nuclear plant asso- 
ciated with an integrally-planned pumped storage 
scheme—would have at its command the finest pos- 
sible form of power generating equipment, and one 
with which it could guarantee its consumers uninier- 
rupted and economic supplies of electricity, without 
reference to external economic factors, in a way which 
could not be otherwise accomplished. 


Sweden’s Power Development Schemes 


Firreen new water-power stations with a total 
output of 9,595 million kWh per annum are planned 
by the Swedish State Power Board for completion by 


1963. The plans for the five-year period 1964-1968 
foresee the building of a further 11 stations with a 
total capacity of 6,030 million kWh a year. This 
would leave some 50 plants with an aggregate output 
of 13,000 million kWh and each with a capacity ex- 
ceeding 100 million kWh per annum to be built until 
Sweden’s harnessable water-power resources are more 
or less fully exploited by 1958. Although water power 
has so far been predominant in Sweden, with conven- 
tional thermal power being used for peak-load pur- 
poses in case of insufficient water supply, atomic 
power has already entered the picture and is likely 
to become of increasing importance. Considering the 
development work required before safe and economic 
atomic power plants can be built it seems probable, 
however, that water power, supplemented with con- 
ventional thermal power in dry years, will form the 
basis of the country’s power output up to the end of 
the 1960s. 

Among Sweden’s numerous rivers, the Lule River 
in Lapland, with a potential of over 14,000 million 
kWh per annum, is by far the most important for 
harnessing. So far about 3,600 million kWh have 
been exploited through the three plants at Porjus, 
Harspranget and Ligga, while 1,000 million kWh are 
in process of being harnessed. The remaining 9,400 
million kWh constitute the State Power Board’s fore- 
most resources both from the point of view of size 
and exploitation economy. Plants to be completed in 
the Lule River by 1963 include Porsi. of 960 million 
kWh per annum, Messaure, of 1.800 million kWh, 
and Edeforsen, of 750 million kWh. For the period 
1964-68 the building of six plants of altogether 
4,360 million kWh per annum is foreseen in this river. 
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The biggest individual plant to be completed be. 
fore 1963 is the Stornorrfors station in the Ume River, 
with an output of 2,200 million kWh—the largest ever 
to be built in Sweden. A further five stations with an 
aggregate output of 1,925 million kWh are scheduled 
for completion in this river by 1963, while three, of 
altogether 725 million kWh, are planned for 1964-68, 

In the Angerman River three plants aggregating 
1,140 million kWh are to be completed by 1963 and 
in the Indal River one station of 420 million kWh. 
Finally, in the Skellefte River there is one plant of 
400 million kWh to be built before 1963 and a further 
two stations of altogether 945 million kWh in the 
period 1964-68. 


World Power Conference Annual Report 


Tue World Power Conference Report for 1956 is 
mainly a convenient summary of arrangements that 
have already been made public and previously an- 
nounced in this journal, but an appendix gives the 
final text of the Technical Programme of the Canadian 
Sectional Meeting to be held in Montreal in Septem- 
ber 1958. The Sixth World Power Conference, to be 
held in Australia in 1962, will probably take place in 
the October, but the city has not yet been chosen. 

The Report of the International Commission on 
Large Dams records the setting up of a subcommittee 
on the study of work in rocks, such as underground 
power stations and tunnelling, under the chairmanship 
of Mr. Westerberg (Sweden) and including representa- 
tives from France, Great Britain, Italy and Switzer- 
land. 


New Zealand Power Development Plan 


A POWER development programme costing £235 
million over 13 years until 1970 was announced in a 
government report released by the minister in charge 
of the State Hydro-electric Department, Mr. W. S. 
Goosman. 

The plan provides for geothermal, gas turbine, and 
hydro power stations. It recommends the approval in 
principle of the linking of North and South Island 
power systems by submarine cable across Cook Strait 
at a cost of some £16 million. 

The estimated cost of the huge Benmore hydro- 
electric power station to be built on the Waitaki River 
in the South Island is £36 million. The station, which 
will have a capacity of 480,000 kW, will be the largest 
in the southern hemisphere. Preliminary work on the 
site has already been started and the station should 
be finished early in 1966. To assist in financing the 
programme, Mr. Goosman said the electric-supply 
account would be exempt from taxation and legisla- 
tion would be passed authorising higher charges by 
power authorities so that some of the capital cost 
could be paid from revenue. 

The report shows that present installed capacity is 
just over one million kW and that another million will 
be required by 1970. New Zealand, it adds, has better 
sources of power for some time to come than coal- 
fired steam stations or atomic power stations. There 
are her rivers and geothermal steam. The position is, 
however, that the South Island has more water resour- 
ces than it requires, and the North Island has insuffi- 
cient power for its requirements. The Roxburgh hydro- 
electric station recently finished on the Clutha River 
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will ensure that there will be no shortage of generating 
capacity in South Island up to 1965. Based on the time 
taken to complete Benmore scheme, it will not be pos- 
sible to inter-connect the power system of the two 
islands effectively before the same date. 


Bulgarian Power Station Opened 


THE Petrokhan power station on the River Bur- 
ziya, Bulgaria, was brought into commission recently 
and will contribute some 80 million kWh per annum 
to the area lying between the north of the Balkans 
and the Danube. It has an installed capacity of 7,800 
kW and forms the highest of three power stations 
which are now operating on the Burziya River. The 
other two stations, the Burziya (called after the river 
itself) and the Klissoura, which have been in service 
for some years, have capacities of 5,600 and 3,500 
kW respectively. A further station, the Berkovitsa, 
near the village of that name, will raise the total in- 
stalled capacity of this series of power stations to 


20,000 kW. 


Snowy Mountains Scheme 


THE Seventh Annual Report of the Snowy Moun- 
tains Hydro-Electric Authority deals with the year 
ended June 30, 1956, and refers to the work accom- 
plished during that year, together with the usual 
financial statement. A tribute is paid to the Kaiser- 
Walsh-Perini-Raymond group of American contrac- 
tors for the excellent work they have done, and this 
combination has now been awarded the contract for 
Adaminaby dam, which calls for the placement of 
nine million cu. yards of earth and rockfill. A factor 
that is causing the Authority serious concern is the 
rise in interest rates which has taken place since the 
operations were first begun in 1950. Since that time 
interest has risen from £3 2s. 6d. per cent. per annum 
to £5 Is. 9d., an increase of 63 per cent. For this rea- 
son the capital repayment period for the newer work 
has been increased from 48 years to 70 years. 

The Upper Tumut development is now the chief 
centre of the Authority’s activities and it is hoped to 
have the T1 station operating at half capacity by the 
end of 1958, reaching full capacity (320 MW) in 1959. 
Survey work, diamond drilling and other field investi- 
gations are proceeding at an increasing tempo and it 
is anticipated that operations on the Snowy-Murray 
diversion scheme will be started in 1959. 


Scheme for Northern Nigeria 


A HyDRO-ELECTRIC project under considera- 
tion by the Government of Northern Nigeria would 
provide power for Kaduna, the capital, and Zaria, 
both rapidly-developing industrial centres. The 
Government has been advised by the Electricity 
Corporation of Nigeria that a considerable output of 
power could be generated by the construction of a 
dam and power station at the Shiroro Gorge, 55 miles 
south west of Kaduna, and a detailed topographical 
and geological survey is now being made. 

It is estimated that the Kaduna River, which 
passes through the Shiroro Gorge, would be capable 
of producing over 400 million kWh in a year of 
average rainfall, but to generate this amount of power 
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a very high dam would be necessary, capable of stor- 
ing between 4 and 5 million acre ft., to maintain the 
power output during the dry season. The installed 
capacity of the scheme will depend on the future in- 
dustrial development of the north, and a survey is 
being undertaken by the Northern Regional Ministry 
of Trade and Industry. 


Noxon Rapids, Montana 


Goop progress is being made with the Noxon 
Rapids contract which was awarded to the Morrison- 
Knudsen concern about a year ago. Already the pro- 
ject is announced to be 25% complete although it is 
not scheduled for overall completion until 1960, when 
it will add 400 MW of capacity to the generating com- 
plex controlled by the Washington Water Power 
Company. A fifth unit, to be added later, will raise 
the capacity of Noxon Rapids to 500 MW. The dam 
will be built to a height of 190 ft. and will have a 
crest length of 5,930 ft., comprising a central concrete 
section and earth embankments at either end. The 
concrete section, which incorporates the spillway and 
intake for the power house, is a gravity-type struc- 
ture and has a total length of 1,130 ft. 


Keepit Dam and Power Station 


HE New South Wales Electricity Commission 
will call tenders for the construction of a hydro- 
electric power station at the Keepit dam. This dam is 
being built by the Water Conservation and Irrigation 
Commission on the Namoi River, above the junction 
of the Peel River, and about 25 miles from Gunnedah. 
The power station will be built at the foot of the 
dam and supplied by a 7 ft. 6 in. diameter penstock 
built into the wall of the dam by the Water Conserva- 
tion & Irrigation Commission. The station will be 
a concrete structure designed to withstand complete 
submersion up to the roof level, due to the high floods 
encountered. 

The maximum head for operation of the station 
will be 120 ft. and the average water flow is 436 
cusecs. The tenders to be called shortly will be for a 
single vertical Francis machine of 6,000 to 8.000 kW 
capacity. Based on the average water flow, the station 
is expected to produce 18 to 20 million kWh per 
annum. The electricity generated will be fed into the 
Tamworth-Gunnedah-Narrabri network which is con- 
nected to the Commission’s system at Tamworth. 

It is expected that the dam wiil be completed by 
the end of 1960, and that the station can also be built 
by about this time. Arrangements will be made for 
remote operation of the station from the Commis- 
sion’s northern control centre, at Newcastle. The 
following details about the Keepit Dam have been 
supplied by the Water Conservation and Irrigation 
Commission: When completed, the dam will hold 
345,000 acre ft. of water and the lake will extend 
back up the Namoi for about 15 miles and will cover 
a surface area of 10,800 acres. The dam will be of 
earth and concrete, with the main wall 1,450 ft. long. 
the greater part of which (about 1,000 ft.) will be of 
concrete. The concrete section will include a 300 ft. 
long spillway which will have six gates each 50 ft. 
wide by 36 ft. high. The dam will have two irrigation 
outlets and one power-station outlet, and the maxi- 
mum height of the wall will be 177 ft. 
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Book Reviews 


Instituto Nacional de Aprovechamiento de Aguas y 
Fomento Eléctrico (National Institute for Water 
Utilisation and Electric Development, Bogotd. 
Colombia), a general report on Colombian Develop- 
ments by Sr. Alfonso Munoz Alvarado, Director of 
the Institute, Apartado Nacional No. 933, Bogota; 
7 in. by 94 in., 116 pp., 29 ff., 16 maps and profile 
diagrams. 

This neat little brochure gives a full survey of 
Electro-Power Development in Colombia up to 
October 1955, as well as a review of the installations 
contemplated up to 1970, as included in the Electri- 
fication Plan worked out by the “Mision Tecnica de 
Electrificién.” This Board was set up by the 
Colombian Government in 1953, following an agree- 
ment with Electricité de France and Messrs. Gibbs 
& Hill, Inc., a New York firm of consulting engineers, 
and consists of technicians from both concerns. The 
aim is to increase gradually the present installed 
capacity of 390,000 kW, so as to reach 2,700,000 kW 
by 1970. Four major developments are contemplated : 
the Rio Minero Project. on a tributary of the Rio 
Magdalena; the Araracuara scheme on the Rio 
Caqueta, a tributary of the Amazon; the diversion of 
the Rio Cauca through the Western Cordilleras into 
the Rio Dagua, and the full development of the Rio 
Nare in the vicinity of Medellin. In addition to very 
good photographic illustrations, the booklet contains 
a number of excellent hydraulic sections and profile 
diagrams. 


Entwurisgrundlagen zum Wehrbau (Design Funda- 
mentals of Spillway Structures) by Aristovski and 
Beger. Published by VEB Verlag Technik, Berlin 
NW 7, Unter den Linden 12, 5-2 in. by 18 in., 160 pp., 
146 ff.. 13 tables. Price in Germany, leathercloth 
bound, DM. 13-00. 

This work, based on the courses of lectures given 
by Professor Dr. Aristovski (U.S.S.R.) as a guest 
teacher of the Dresden Technical University, 
has been edited and enlarged by Professor Dr. Ing. 
Karl Beger, head of the Hubert-Engels Hydraulics 
Laboratory at the same university. Two short pre- 
liminary sections give a classification of the various 
structures and their purpose, and describe briefly the 
general effect they have on the river, and its bed 
and banks. Section 3 deals with the profile of the 
structure and of its components: impervious floors. 
sheetpile curtains, protective aprons, sills, etc. The 
“inverted filter” listed among these components ap- 
pears to be common practice in U.S.S.R.; it consists 
generally of three layers of material (sand, fine gravel. 
coarse gravel), the grain of each layer increasing in 
size in the direction of seepage but being selected so 
as to prevent the finer grain of a layer from penetrat- 
ing the pores of the following coarser layer. The im- 
portant question of seepage flow is discussed in sec- 
tion 4. Solid structures (concrete or masonry), stability 
and spillway piers are reviewed in the three following 
sections. Sections 8 & 9 deal with the various types 
of sluice gates and the seals ensuring their water- 
tightness. Section 10 consists of ten practical examples 


282 


of calculation applied to spillway structures. such as: 
determining the size of sluice ways, protective floors 
and stilling pools, plotting the hydrodynamic flow. 
net, piping investigation and stability. Among these 
examples, we should like to draw attention to No, 
10-9 (p. 152) which deals with the determination of 
seepage pressure and specific seepage flow by means 
of the Koslov nomograms; this method, initiated by 
another Soviet expert, Academician Pavlovski, con. 
sists in dividing the seepage area into individual sec. 
tions for which the seepage elements can be fairly 
easily determined. In addition to its intrinsic value, 
Professor Aristovski’s work, which has been included 
in the curriculum of East-German technical universi- 
ties, gives a fair insight into Soviet practice in the de- 
sign of spillway structures. The bibliography at the 
end of the volume is surprisingly short, including as 
it does no more than 11 Russian and 4 German or 
Austrian works. 


Entrepreneurs et Entreprises (Livre d’Or de |’Entre- 
prise Francaise) (French Contractors and _ their 
Achievements), Vol. I, published by “Le Moniteur 
des Travaux Publics et du Batiment,” 32, rue Le 
Peletier, Paris IX, 9°5 in. by 12:3 in., XCVI—204 pp., 
277 ff.. 2 full-page colour-prints. Price in France, 
printed on art paper, leatherette bound, Fr. 2,000. 

This publication does great honour to French con- 
tractors and their work. Many pages of this hand- 
some volume are filled by illustrated descriptions of 
hydro-electric developments, and we meet again with 
such familiar names as Génissiat, Bort, Donzére- 
Mondragon, Chastang, L’Aigle arid others. Print, 
paper and binding would be a credit to any de /uxe 
edition. The choice of illustrations is excellent and 
some of them are particularly impressive such as the 
'sere-Arc tunnel in course of construction (p. 22), 
the Aigueblanche armoured power tunnel (p. 66) and 
No. 4 housing estate of the Donzére-Mondragon con- 
struction site (p. 195), to mention but three. Among 
the articles of general interest inserted between notices 
devoted to individual firms of contractors, we should 
like to draw attention to “L’Entrepreneur et le 
Matériel” (Contractors and their Equipment), p. 177, 
due to the pen of M. Pierre Delattre, manager general 
of the Compagnie Nationale du Rhéne. 


Geoloski Vjesnik (Geological Bulletin), published by 
the Croatian Institute of Geological Research and the 
Croatian Geological Association, Zagreb, Kapska ul. 
2. Croatia, Vol. VIII-[X, 7-7 in. by 9-5 in., 252 pp. 
28 ff., 12 plates, 7 maps. 

Except for two papers, one by Milan Herak on 
“Some hydrological problems of the Karst mountain 
Mala Kapela in Lika, Croatia, to which a substantial 
abstract in English is appended (pp. 32-37), and the 
other by Mirko Malez on the “Dula Swallo Hole in 
Ogulin,” into which the Dobra River disappears to 
re-emerge 3 miles further away to the North-East, all 
articles included in this volume are of purely geologi- 
cal and paleontological interest. A three-page sum- 
mary in German accompanies the latter paper. 


Bilten zajednice elektroptivrednim Poduzeéa Hrvat- 
ske (Bulletin of the Electricity Union of Croatia and 
of the Institute for Electro-energetical Research, Zag- 
reb) is now appearing under the new style of 
Energija. 
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Fig. 1. View of Malga Bissina dam under construction, looking upstream 


The Alto Chiese Development 


This important Italian scheme, owned by Societa Idroelettrica 

Alto Chiese of the Edison Group and designed by the Hydro- 

Electric Construction Department (DCII) of Societa Edison, 

will have an ultimate capacity of 342 MW in three stations. 

The scheme includes two Marcello-type hollow gravity dams, 

and the main station, at Cimego, houses the largest horizontal 
Pelton sets in the world 


PART ONE 


HE Alto Chiese development forms a substan- 

tial acquisition to the power resources of the 

Edison Group, Milan, and embodies some not- 
able engineering. When completed, it will comprise 
four reservoirs, two of which are for seasonal regula- 
tion, and three power stations with a total capacity 
of about 342 MW, and will have an average annual 
production of 624 million kWh of which 290 million 
kWh will be available during the winter. Two of the 
reservoirs are being impounded by Marcello-type 
cellular-element hollow gravity dams. The smaller of 
these dams, at Malga Boazzo, has already been com- 
pleted. while that for the head reservoir, Malga Bis- 
1957 
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sina, is now under construction, and is the thirteenth 
dam of this type to be built. At Cimego, which is a 
frequency-control station, two 110 MW horizontal 
double-wheel single-jet Pelton generating units are 
installed. which are believed to be the largest 
machines of this type in the world, at present. The 
entire project was designed by the Hydro-Electric 
Construction Department of Societa Edison under the 
direction of Dott. Ing. Claudio Marcello. 


Hydrology 
The River Chiese rises under Mt. Adamello 
(3557 m.) in the Italian Alps north of Brescia, and 
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flows mainly south to meet the 
river Oglio, which is a tributary 
of the Po. The Alto (or Upper) 
Chiese extends from the source a 
distance of roughly 50 km. to 
Lake Idro, which stands at a level 
of about 370 m. and is some 30 
km. north-east of Brescia. The 
Lower Chiese, below Lake Idro, 
has already been developed. A 
map of the Alto Chiese catchment 
showing the scheme of develop- 
ment, is given in Fig. 2. 

Flow records at Cimego have 
been kept since 1928, and further 
gauging stations were set up at 
Pracul (15 km. upstream from 
Cimego) in 1947, and at Boazzo 
(3 km. above Pracul) in 1948. A 
comparative study of the flows at 
all these stations revealed that the 
flow patterns were closely compar- 
able, although the specific flows 
were higher for the upper stations, 
so that the flow at Cimego could 
be taken as an index of the flows 
obtaining at the upper stations. 
Furthermore, reference to the 
Cimego records from 1928 showed 
that the years covered by the joint 
study were years of average flow 
at Cimego, so it was justifiable to 
assume that the records at the 
upper stations also represented 
average flows. The specific maxi- 
mum fiood at Malga Bissina was 
assumed to be of 10 cu. m. per 
sec. per sq. km., corresponding to 
a total flood of 525 cu. m. per sec. 
Similarly at Malga Boazzo the 
specific maximum flood was 
evaluated as 7 cu. m. per sec. per 
sq. km., corresponding to a total 
flood of 728 cu. m. per sec. Maxi- 
mum flows occur in May and 
June. with a small peak in 
October. 


Development Scheme 

As already indicated, one of the 
objectives of the scheme has been 
to build a station of sufficient 
capacity to exercise frequency 
control in the Edison network. It 
is for this reason that such large 
units were chosen at Cimego, 
which is the station in question. 
Within this context, the scheme 
has been laid out for the rational 
development of the full resources 
of the Alto Chiese above Lake 
Idro. 

Referring once more to Fig. 2, 
seasonal storage is to be held in 
a head reservoir at Malga Bissina, 
which will have a live capacity of 
60 million cu. m. at an elevation 


284 












i 
J Ns 
( 7 
( 
\ 
/ \ 
\ 
/ j 
MALGA BISSINA 
RESERVOIR ( 
60 mill. cu.m. AT p 
1,788 m. { 
a 


Z. om . 


—~<MALGA BOAZZ0 PS 


MALGA _BOA7ZO 


RESERVOIR 
nr r << 1I8 mill. cu.m 
ve per NAT 1204 5m. 












To brescia ZB 





A @e@aemet & #@ «6 & 2 € @ 








Fig. 2. Map of the Alto Chiese catchment area showing the system 
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of 1,788 m. From this reservoir 
the waters will descend to the 
first power station at Boazzo, 
which will contain two 47-4 MW 
Pelton units designed to operate 
under a maximum gross head of 
560°35 m. These sets will dis- 
charge to Malga Boazzo reservoir, 
which has a useful storage of 11-8 
million cu. m. at a level of 1,224°5 
m. It is this reservoir which forms 
the immediate supply for the two 
110 MW sets at Cimego, which 
operate under a design head of 
735-77 m. 

Actually Cimego is a dual-head 
station, for it also contains a 9-2 
MW Francis set supplied at a 
maximum gross head of 235-5 m. 
from a small reservoir, Ponte 
Murandin, on the Chiese some 9 
km. below Malga Boazzo. Ponte 
Murandin reservoir is intended 
for daily and weekly storage and 
has therefore been constructed for 
a useful capacity of about 300,000 
cu. m. 

Finally, a tailpond at Cimego 
will act as a regulating basin to 
supply a third station at Storo 
where an 18:2 MW Francis set 
will be installed, operating under 
a maximum gross head of 94:9 m., 
the tailwater level being about 
390 m. 

An extensive system of side 
channels and tunnels collects the 





headwaters of the various tribu- Fig. 3. Part of the new mountain roadway from Pieve di Bono to 


taries of the Chiese and conducts 
them either to the reservoirs or to 
the supply tunnels. 


Malga Bissina Dam 

The decision to construct the 
main storage reservoir in a remote 
mountain district at an elevation 
of over 1,700 m. inevitably posed 
the problem of access, and to open 
up the site it was necessary to 
build 27 km. of mountain road, 
rising some 1,200 m. (Fig. 3), from 
Pieve di Bono to Malga Bissina. 
During the winter this road is 
liable to be snowbound, and when 
we visited the site an aerial rope- 
way was under construction for 
service during the winter months. 

Construction power is brought 
by overhead line from Cimego. 

Malga Bissina dam, as already 
mentioned, is a Marcello-type 
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hollow gravity structure. Dams of Fig. 4. The aggregate crushing and grading plant at Malga Bissina 


this type have been constructed 

in various parts of the world, and Malga Bissina is 
the thirteenth to be built. It is 85 m. high above lowest 
foundation, as compared with 111-5 m. in the case 
of Ancipa dam in Sicily, which is the highest of this 
type in the world; it has a crest length of 561 m. and 
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will require about 430,000 cu. m. of concrete. 
In a series of articles on Bau Muggeris dam in this 
journal a few years ago* the inventor, Dr. Ing. 


* ‘The Bau Muggeris Dam.’’ By Dr. Ing. Claudio Marcello. Water 
February and March 1953, pp. 4, 59 and 97, 
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Claudio Marcello, discussed very fully the features 
and advantages of his design and the methods of 
construction adopted. Nevertheless it will be useful 
to remind our readers of these features in discussing 
Malga Bissina. As will be seen from the general plan 
given in Fig. 5, the main structure consists of 22 but- 
tress elements, each 22 m. wide, and reference to the 
sections given in Fig. 5 will show that each buttress 
element is symmetrical and is hollow. 

As compared with a normal mass-concrete gravity 
structure some important advantages are claimed for 
this design. As a structure it provides better stability 
against sliding and is subject to less uplift pressure; 
from an economic standpoint it requires considerably 
less concrete. with a consequent saving in cost and 
in construction time. With this design the actual re- 
duction in the quantity of concrete required depends 
on the height of the dam. The hollow construction 
begins to show to advantage at a height of about 18 
m., and in the case of Malga Bissina dam the saving 
is about 35°, as compared with a mass-concrete 
structure. Charges for shuttering are naturally some- 
what higher. but the design has been so conceived 
as to keep the disparity to the minimum. In the but- 
tress elements, it will be observed, although the thick- 
ness of the side walls varies with height, the lateral 
facings of the cavity are vertical, thus giving a cavity 
of constant width. Special shuttering is therefore 
largely avoided, and construction is based on the use 
of standard climbing steel shuttering. Actually, the 
shuttering cost per cubic metre of concrete is only 
1-2% higher than that for a solid gravity dam, and 
taking into account the saving in concrete the overall 
shuttering cost is less. The unit cost for concrete 
placing is stated to be slightly less than for a solid 
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Fig. 6. Malga Boazzo dam viewed from downstream 





structure, due to the symmetry of the typical element. 

A further advantage of the hollow construction is 
that the heat of hydration of the concrete is more 
readily dispersed. There are also certain practical 
conveniences; for instance, it is unnecessary to dress 
the foundation rock in the cavities, and one or more 
of the cavities can readily be used as a diversion 
channel which can later be closed to seal the dam. 
At Malga Bissina, element No. 7 (Fig. 5) is being 
used in this manner. 

The contractors for the construction of Malga 
Bissina dam are Impresa Ing. Lodigiani, Milan, who 
have already built a number of dams of this type. 
Fortunately the rock at the site is a good-quality 
tonalite, and comparatively little preparation was 
needed to secure satisfactory foundations. A grout 
curtain was put down below the upstream toe, con- 
sisting of two rows of holes of 45 mm. diameter, the 
holes in each row being 4 m. apart. Average grouting 
depth is 40-50 m., with grout absorption of about 
120 kg per m. The total length of boring amounts to 
about 13,000 m. Grout was also injected between the 
bases of the buttress elements and the foundation 
rock. 

Aggregate and sand are being obtained from a 
tonalite quarry just downstream of the dam site, 
whence the material is transported by tipping trucks 
to an adjacent preparation plant, to be seen in Fig. 
4. Here a primary crusher reduces the material to be- 
low 25 cm., after which it is belt conveyed to a second- 
ary crusher reducing to below 10 cm., any resulting 
oversize being recirculated. The crushed material is 
then screened to over 50 mm., 50-20 mm., 20-4 mm.., 
4-0 mm., and very fine, and transferred to storage 
bins. Cement is of the ferro-pozzolanic type, and 
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Fig. 7. Ponte Murandin dam and spillway 


is brought from Piacenza in road-wagon containers, 
whence it is pumped to silos by compressed air. 

The batching and mixing plant comprises five 2 
cu. m. mixers, each of which serves two Blondins, 
so that as many as ten 2 cu. m. drop-bottom buckets 
can be in use simultaneously. 

All batching. mixing and loading operations are 
remote controlled from a cabin affording a full view 
of the plant and containing a control desk and an 
illuminated diagram showing the sequence of opera- 
tions in progress. The Blondins are controlled from 
separate cabins. The entire concrete plant, which was 
installed by the main contractor, has been designed 
for a capacity of 2.000 cu. m. of concrete per day, 
and this output has actually been reached. 

The concrete mix has 250 kg of cement and about 
150 litres of water per cubic metre of concrete. The 
average resistance obtained from samples taken on 
site was of 170 kg per sq. cm. after 7 days, 320 kg 
per sq. cm. after 28 days and 400 kg per sq. cm. after 
90 days of curing. 

Concrete is normally placed in lifts of 1-5 m.; and 
as will be noted from Fig. 5, each buttress element 
has two construction joints on lines of minimum 
shear, these joints being subsequently grouted. 

Details of the permanent joint between elements 
are also given in Fig. 5. Watertightness is assured by 
various devices, namely a reinforced-concrete joint 
shield resting against asphalt-glass sheets, a bitumen- 
filled shaft with electrical resistances for heating, and 
a U-shaped copper sheet keyed at both ends into the 
concrete. Owing to the high elevation and the low 
winter temperatures, and to protect the more recessed 
parts of the downstream cavities from being subjected 
to the alternating weather conditions and to the 
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effects of frost and heaping snow, the cavities between 
buttresses have been designed to be closed in by a 
light thermal insulating structure. 

Referring once more to Fig. 5, a bottom-discharge 
tunnel has been driven below the dam site. The in- 
take sill level is at 1,711 m., and by building a coffer- 
dam across the river bed at a sill level of 1,712 m. it 
was possible to use this tunnel to divert the river and 
to build buttress elements 7, 8 and 9 in the dry. As 
already noted, element 7 is provided with a temporary 
opening for diversion of the river during erection of 
the bottom outlet gates. The intake for the supply 
tunnel has a sill level of 1.716-5 m.; the tunnel is 
driven in the right bank, and an underground gate- 
operation chamber is located immediately down- 
stream of the right wing of the dam. An intermediate 
sluice will be incorporated in element 18 at a sill level 
of 1,750 m. 

Gates for bottom and intermediate outlets, and for 
the intake tunnel were supplied by Acciaieria e 
Tubificio di Brescia (ATB). 

The spillway is to be located at the extreme left 
wing of the dam and will consist of two 9 m. wide 
gated sluices equipped with sliding gates 2°58 m. 
high surmounted by automatic flaps 1-2 m. high, 
manufactured by Calzoni, Bologna: further spilling 
capacity is provided by a 25 m. long free-overflow 
section with sill 10 cm. higher than max. normal 
water level. which is designed to operate only in case 
of catastrophic events. The footway along the top of 
the dam will be at 1,790 m. 

The spillway is capable of a maximum discharge 
of 238 cu. m. per sec., the intermediate outlet 150 
cu. m. per sec., and the bottom outlet 137 cu. m. per 
sec., totalling the maximum flood of 525 cu. m. per 
1957 
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sec, ascertained by the hydrological studies discussed 


earlier. wee 
A view of the dam under construction is given in 


Fig. 1. 


Malga Boazzo Dam im 

In our description of Malga Bissina dam we men- 
tioned that the height at which the Marcello-type hol- 
low dam begins to show an economic advantage over 
a solid gravity dam is about 18 m. An interesting 
illustration of this is to be found in the design of 
Malga Boazzo dam, a view of which appears in Fig. 


Fig. 9. Concrete placer at work in the Boazzo-Cimego tunnel 
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6. This is in part a solid gravity structure and in part 
hollow, the solid section being used where the height 
is insufficient to justify the use of hollow buttresses. 
Another unusual feature is that the dam follows a 
meandering course instead of having a straight crest 
as Ohe would expect. This somewhat curious shape 
was dictated by the topography of the site, for there 
is a moraine-filled gully towards the left bank which 
precluded the use of a straight dam, and the design 
adopted represented the most economical means of 
closing the valley at approximately its narrowest 
point. 

The developed length of the 
dam at crest is 442 m. and the 
height to lowest foundation 57 m., 
the full retention level being 
1.224°5 m. The spillway is in the 
gravity section, and is controlled 
by three Calzoni sliding gates, 
each 11 m. wide by 3:7 m. high 
surmounted by a 1:5 m. automatic 
fap. This spillway will discharge 
the total flood of 728 cu. m. per 
sec. determined by the hydrologi- 
cal studies. The dispositions of the 
bottom-discharge tunnel and of 
the intake and gate chamber for 
the supply tunnel are very similar 
to those obtaining at Malga Bes- 
sina. Gates for bottom outlet and 
intake were supplied by Calzoni 
of Bologna. The bottom discharge 
has a capacity of 113 cu. m. per 

sec. 


Ponte Murandin Dam 

Ponte Murandin (Fig.7) is a 
solid gravity dam, curved in plan, 
having a developed crest length 
of 76 m. and a maximum height 
of 32:5 m., the maximum reten- 
tion level being 717 m. The spill- 
way is controlled by two Calzoni 
gates 9:2 m. wide by 6 m. deep 
with a | m. automatic flap, and 
has a capacity of 1,164 cu. m. per 
sec. The supply tunnel and the 
bottom-discharge tunnel share a 
common inlet structure, the aper- 
ture for the bottom outlet being 
be!ow that for the supply tunnel. 
Gates for bottom outlet and intake 
were supplied by Calzoni. The 
bottom outlet has a capacity of 99 
cu. m. per sec. 

On the left bank of the reservoir 
the Chiese has left an old river 
bed which is now filled with 
moraine, and to render this area 
watertight it was necessary to in- 
ject a mixture of cement, bentonite 
and lime over a horizontal length 
of about 80 m. 


Side-Stream Channels and Power 
Tunnels 
We will now refer in greater 
detail to the system of side intakes 
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which form an integral part of the 
scheme and to the supply tunneis 
serving the various power stations. 

Turning again to Fig. 2 and 
commencing with Malga Bissina 
reservoir, on the left side of the 
valley there will be a free-flow 
channel, 4,315 m. long, mainly in 
tunnel but with open-cut sections 
near the reservoir, which will col- 
lect the headwaters of two tribu- 
taries and will lead them into the 
reservoir. 

The headwaters of four right- 
bank tributaries are led direct into 
the Bessina-Boazzo supply tunnel 
through side intakes. There are 
naturally important differences of 
detail in the design of these side 
intakes, but in general principle 
they consist of a canal covered by 
a horizontal trash-rack embodied 
in a low weir. Water collected by 
this canal is conveyed to a desilt- 
ing chamber where the velocity 
of flow is reduced to a few deci- 
metres per second to allow the 
silt to be deposited. Means are 
provided, of course, to scour out 
the chamber at suitable intervals. 
From this chamber the water falls 
to the supply tunnel through an 
inclined shaft which has an en- 
larged section at the free water 
surface to enable entrained air to 
escape through vents. A typical 
side intake is depicted in Fig. 8. 

The supply tunnel from Malga 
Bissina will be 5,396 m. long to 
the surge chamber and 2:9 m. in 
diameter. The surge chamber will consist of a shaft 
29 m. in diameter, with a lower compensating 
chamber of 1,100 cu. m. capacity and an upper ex- 
pansion chamber of 1,600 cu. m. capacity. This ex- 
pansion chamber will also be used as the receiving 
reservoir for a free-flow channel, mostly in tunnel. 
which will collect the headwaters of six downstream 
right-bank tributaries. Beyond the surge chamber 
there will be a valve chamber controlling admission 
to a steel penstock 7!6 m. long laid free in an inclined 
tunnel leading to Boazzo power station. 

A very similar system to that for Malga Bissina- 
Boazzo obtains for Malga Boazzo-Cimego. A free- 
flow tunnel diverts the left-bank tributaries to Malga 
Boazzo reservoir, and three right-bank tributaries are 
led into the Cimego supply tunnel through side in- 
takes. About 14} km. upstream of the Cimego surge 
chamber there is an intake from a free-flow channel. 
9,050 m. long, which collects the headwaters of five 
right-bank tributaries downstream of Cimego. 

The Boazzo-Cimego supply tunnel is 3-5 m. in 
diameter, is 11,468 m. long to the surge chamber. 
has a slope of 0-00363 and will carry a maximum 
flow of 34 cu. m. per sec. For a length of 234 m. it 
crosses the Buoni Prati valley in the open in metal 
conduit. The surge chamber is generally similar in 
design to that for Malga Boazzo, the vertical shaft 
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Fig. 10. Telescopic steel shuttering in the Boazzo-Cimego tunnel 


being 3:5 m. in diameter and 79 m. high, the lower 
compensating chamber 1,320 cu. m. in capacity, and 
the upper expansion chamber, which is in the form 
of a covered concrete tank built in the open, 3,600 
cu. m. 

The small reservoir at Ponte Murandin receives a 
supplementary supply from a free-flow tunnel, 6,635 
m. long. which collects the headwaters of the Adana, 
a major tributary of the Chiese which flows in from 
the left above Cimego. and of two of the Adana’s 
right-bank tributaries. The Ponte Murandin-Cimego 
supply tunnel is 3,307 m. long and has no side intakes. 

The surge chamber consists of a cylindrical vertical 
shaft 1-8 m. in diameter, 28 m. high. with expansion 
and compensating chambers entirely excavated in 
rock, having capacities of 260 and 160 cu. m. respec- 
tively. 

The tailpond at Cimego will be formed in the bed 
of the Chiese and will collect the flow below Ponte 
Murandin in addition to receiving the discharge from 
Cimego station. A supply tunnel, 9 km. long. will 
deliver to Storo power station. 


Driving the Boazzo-Cimego Tunnel 

The driving of the Boazzo-Cimego supply tunnel 
can be taken as typical of the procedure adopted 
throughout the scheme. This tunnel was driven from 
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adits spaced not more than 2-5 km. apart, and as the 
rock was most satisfactory, it was worked for the most 
part full face. In certain sections, however, where the 
rock was fractured and water-bearing, it was 
necessary to drive a pilot heading, supported by 
wooden props and enlarge to full section by succes- 
sive rippings. the roof being held by longitudinal 
packing on wooden supports. 

Drilling was fairly tough, as the rock is mainly a 
siliceous sandstone of hard texture, and was accom- 
plished by 20 kg. airleg pneumatic drills furnished 
with tungsten-carbide-tipped steels. The explosives 
ysed were G.E.O.M. for the headings, and GD1°M in 
the full sections, in cartridges 30 mm. in diameter. 
An idea of the toughness of the rock can be gathered 
from the fact that in the harder zones the consump- 
tion of GDI’ M was 2 kg. per cu. m. of rock. 

Mucking was carried out by means of pneumatic 
shovels of various types, loading into trucks driven by 
electric locomotives. 

The average rate of advance was 2-5 m., full face. 
in an eight-hour shift, giving a daily advance of 7-5 m. 

Most of the concrete lining was placed by means 
of Pressweld placers (see Fig. 9) but the mouth of 
the delivery pipe was kept buried in the concrete to 
ensure a strong packing action against the walls of 
the excavation. The complete circular section was 
placed in one operation using a telescopic tubular 
steel shutter supported on screwed conical supports 
which were subsequently buried in the concrete. The 
shutter, which can be seen in Fig. 10, was built in 
sections 6 m. long, divided transversely into three 
sections—the invert and the two walls—the latter b>- 
ing hinged at the crown. The joints between the walls 
end the invert were made by bolted flanges. The bot- 


Hydraulics Research Report 


During 1956 the Main Hall of the Hydraulics Re- 
search Station at Wallingford has been brought al- 
most fully into use and the comparatively small area 
that remains free is likely to be filled by models now 
under construction. The investigations in hand are 
concerned with waterways and installations not only 
in this country but in many parts of the world. 

Work on current problems represents four-fifths of 
the activities of the Station. The remainder is con- 
cerned with the study of fundamental problems in 
loose boundary hydraulics. These investigations are 
carried out mainly in an outdoor wave basin, in the 
5 ft. flume or the 12 ft. channel. 

Many of the researches being conducted fall outside 
the province of engineers engaged in hydro-electric 
work, e.g., coastal protection schemes, breakwaters, 
harbour work generally, flood control in low-lying 
river beds, etc.: on the other hand there is a great deal 
of direct interest in the transport of material along the 
bed of the flume, the design of wave walls, and in 
particular the work done in connection with the 
spillway for the Navet dam in Trinidad, for which a 
model has been constructed and tested. 

Other research requirements have led to the deve- 
lopment of several ingenious instruments. A Bed 
Level Plotter, for recording the changes in the con- 
tours of the beds of models during flow experiments, 
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tom portions of the wall sections were also hinged to 
enable these sections to be folded up to pass through 
the standing shuttering during striking and re-erecting. 
These operations were performed with the aid of a 
troliey running on rails mounted on the invert section 
of the shutter. 

The placer pipe was 15 cm. in diameter and rested 
on the crown of the shutter, its mouth being buried in 
the concrete to a depth ranging from 1 to 2 m. Every 
hour or so this pipe, together with the entire placer 
train, was withdrawn by an appropriate amount. 
Pneumatic vibrators used for compaction of the con- 
crete were of the plate type, applied to the shuttering 
ribs. 

The aggregate and cement were weigh-batched and 
dry mixed in a plant near the tunnel entrance, and 
placed batch by batch in trucks made up in trains of 
12 for transport underground to the placer train. This 
train comprised a platform 72 m. long consisting of 11 
six-wheeled trolleys running on the normal tunnel rail 
track. Here the batches were wet mixed and delivered 
direct to the placer. An average delivery of 15 cu. m. 
per hour was achieved, corresponding to a daily ad- 
vance of 30 m., in two eight-hour shifts. On a monthly 
basis the rate of advance worked out at 22 m. per day. 

Power for the various machines on the placer trains 
was supplied at 50 V. for reasons of personal safety, 
the supply being stepped down from 550 V. through 
a transformer with multiple tappings on the low- 
tension side to enable the operating voltage to be held 
constant in spite of variations in load. For reasons of 
safety, also. the tunnel lighting was supplied at 220 V 
but at a frequency of 2,000 cycles per second. 


(To be continued) 


will follow the contours of the beds without touching 
them. The shape of the contour is recorded automatic- 
ally. The probe moves above the bed being recorded 
and maintains a fixed distance above it to reproduce 
the contours. 

This report is published by the Department of In- 
dustrial and Scientific Research, H.M. Stationery 
Office, London; price 4s. 6d. 


Blaenau Ffestiniog, We wish to correct an error which 
occurred in the short article published on the Blaenau 
Ffestiniog pumped-storage scheme, page 276 of the 
July issue. In that article we attributed the manufac- 
ture of the generating plant to The English Electric 
Co. Ltd., who are supplying the mechanical (hydraulic) 
equipment, viz., water turbines and centrifugal pumps. 
In point of fact the order for the electric machines— 
four generator/motor units each rated at 75,000 kW, 
16,000 V—was awarded to The British Thomson- 
Houston Co. Ltd., Rugby, as stated on page 240 of 
the same issue. 


Wakefield Lubrication Equipment. Wakefield-Dick 
Industrial Oils Ltd. have issued a handsome 24-page 
brochure which describes and illustrates the complete 
range of lubricating equipment which they supply. 
These include mechanical oil lubricators, mobile lubri- 
cators, lubricators for pneumatic equipment, grease 
lubricators and lubricators for locomotive and trans- 
port equipment. 
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Vertical Turbine Guide Bearings 


GUNNAR ENGLESSON, Trollhattan, Sweden, 


ERTICAL bearings of today are usually made 
self lubricating, i.e. the circulation of the oil 

within the bearing is done by the shaft itself act- 
ing as a pump. Grooves cut helically in the bearing 
sleeve serve as passageways to the oil, which is 
pumped from the lower to the upper oil-container and 
special pumps are not needed, even at starting-up 
periods. 

Contrary to the general belief this design for ver- 
tical water turbines is very old. Thomann' mentions 
that the application of the self-lubrication principle, 
by having helical grooves either in the shaft or in the 
sleeve was probably first used by Lawaczeck. Fig. | 
shows this design which has grooves cut in the shaft, 
and sketches of modern bearings are given in Figs. 2 
and 3.* As can be seen, the design in Fig. 2 does not 
differ much from that in Fig. 1, which is more than 
30 years earlier. To have the running diameter lar- 
ger than that of the shaft involves, however, greater 
friction losses, as these increase with the square of 
the peripheral speed. 

For large turbines operating at medium heads. 
modern guide-bearing losses amount only to 0-03- 
0:04% of the total output. The calculation of the fric- 
tion losses is determined mainly to estimate the 
necessary cooling; but when measuring the generator 
losses for large generators at site it is also essential 
to know these losses as they are not charged against 
the generator. 

With no lateral load imposed, the shaft will rotate 


* See also Waren Power, December 1954, p. 480 
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Self-lubricated bearing (after Thomann. 
Wasser Turbines) 
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discusses friction losses and load capacity 
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Fig. 2. Diagram of self-lubricated bearing with sta- 
tionary lower oil container 
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Fig. 3. Diagrain showing principle of self-lubricated 
bearing with rotating lower oil container 


centrally in the bearing. A lateral rotating load acting 
on the shaft will, however, cause it to move sidewise 
and the geometrical centre will revolve clockwise with 
a eccentricity e as shown in Fig. 4. The load capacity 
will be the same as for a conventionally loaded 
bearing. 


Bearing Clearance 
In order to avoid vibrations, the clearance is made 
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as small as possible, but a small bearing clearance 
involves greater friction losses. The following empiri- 
cal formula for determining the diametrical clearance 
has proved to be useful in practice. 

, 0-2 d 

6=0-154 1.009 ™™. cos (OD 


where d is the shaft diameter in mm. 
In Fig. 5 the clearance is plotted against the shaft 

diameter. As a comparison, the mean clearance 

according to Russian practice* is also shown in this 

diagram. For shaft diameters larger than 1,000 mm. 

the following mean figures are given in the publication 

referred to: 

1,000-1,250 mm.=0°37 mm. 

1,250-1,600 mm.=0°47 mm. 





Nomenclature 
5 = diametrical clearance, mm. 
d = shaft diameter, m. or mm. 
Vv : clearance ratio. 
¢ 
/ = bearing length, m. 
n= rotational speed, r.p.m. 
y = peripheral ve-ocity of shaft, m. per sec. 
» = angular velocity, radians per sec. 
A, = 1d = projected area of bearing, m’. 
p = unit pressure on projected area 


p=- kg. per sq. m. 
A, 


F = total load. kg. 

e = eccentricity of shaft, mm. 
. 
& € = . 

€ : eccentricity ratio. 
oO 


h,= minimum oil film thickness, mm. A, 


= (1~e) 


P,= friction loss at no load and zero eccen- 
tricity, kW. 
P, = friction loss at the load F, kW. 
oF wer 
K p friction ratio or power loss factor. 
= viscosity of lubrication fluid, kgs. per sq. m. 


Friction Losses 

As is well known, viscosity is the property whereby 
a fuid resists internal motion. For most liquids New- 
ton showed that the shear stress at any point of the 
fluid is proportional to the rate of shear. That is = 
<n \ 

; (rate of shear=velocity gradient in radial 
direction). 
_ In 1883 Petroff estimated the viscous friction losses 
in an unloaded bearing, i.e. with the shaft rotating 
centrally at zero eccentricity. Assuming the velocity 
gradient to be uniform, corresponding to the afore- 
mentioned equation, the friction force will be F,- 
trdl an ads kg. 

5 £ 
where the diametrical clearance 6 in m. 
The friction loss in kW is equal to 
P Fiv 2nv?xdl 0:0616nVv'l 
102 102 6 

Petroff’s equation was derived for an unloaded bearing 
but has proved in practice to give a good approxima- 
tion also for lightly loaded bearings. In the case of 


kW... (3) 
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Fig. 5. Graph showing (a) clearance 6 according to 
equation I and (b) clearance 6 according to Gamse 
and Goldscher [2] 


a loaded bearing with the shaft rotating with a certain 
eccentricity, the friction losses increase and the power 
loss formula can be stated as follows: 
P,=KP, kW < 
An oil often used in Sweden has a viscosity of: 
At t=50°C.=0-:0034 kgs. per sq. m. 
At t=60°C.=0-0020 kgs. per sq. m. 
At t=70°C.=0-0014 kgs. per sq. m. 
For the above mentioned case the variation of the 
viscosity with the temperature can be calculated from: 


50 
n= (*): x 0-0020 kgs. per sq. m._... (5) 


As the cooling conditions in vertical oil-lubricated 
guide bearings as a rule are very good, the operating 
temperature will be about 50°C., corresponding to 
a viscosity of »=0-0034 kgs. per sq. m. 

The basic formula for investigating the performance 
of fluid film lubricated bearings is: 

f,2 
s=?™ (non-dimensional) ... (6) 


1] @® 


This formula was obtained by A. Sommerfeld in 
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1904, and the value S is therefore called the Sommer- 
feld number. It has become very useful as a variable 
for plotting experimental data. 

Based on experiments made by Frankel* the 
Sommerfeld-number S and the power loss factor K 
are plotted on a logarithmic scale against the eccen- 
tricity ratio « for //d=0-75 and //d=1 (Fig. 6). 
According to experimental data taken at Cornell 
University, U.S.A., on bearings of //d of 3, 4, and 1, 
the following equation is given for calculating the 
factor K. 

K= ; ; oe 

\ l e~ 
The dotted curve shown in Fig. 6 is obtained from 
this equation and as can be seen these K values will 
be slightly lower than those based on Frinkel’s tests. 


Load-Carrying Capacity 
As the load capacity of a bearing primarily depends 
on the minimum value h, of the oil film, care should 
be taken that h, exceeds the values of the roughness 
of the manufactured surfaces, the deformation of the 
shaft and the bearing shell, etc. Owing to the fact that 
the latter values cannot be measured in practice with 
a greater accuracy than 0-005 mm., it is advisable to 
specify a rather thick oil film, thus avoiding much 
calculation work. A practical value of the oil film 
thickness can be obtained from the following formula: 
h,=0-07 40-001 d mm. ... (8) 
where d is the shaft diameter in m. 
With hf, according to equation (8), the eccentricity 
ratio is plotted against the shaft diameters 200-1,000 
mm. in Fig. 7. For the curve a the clearance is taken 
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Fig. 6. Summerfeld number plotted against eccen- 
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Fig. 7. Eccentricity ratio 


from equation (1) and for the curve b from 6= 0-001 ¢. 
As can be seen from the curve a the eccentricity ratio 
within the range of larger bearings is practically the 
same, with an average value of «= 0-61, corresponding 
to S=0-75 for l/d=0-75 and S= 1:2 for //d=1. With 
these § values the maximum permissible unit pressure 
in the bearing is obtained from equation (6). 
For I/d=0-75 p 0 = n O ir n O on nn 
uv 30W y 

kg. per sq. m. 

| -2 cD) 1) 


1-27 0-126 
For //d=1 p EB — a 


30V" y 
kg. per sq. m. 
and the maxigaum load on the bearing will thus be: 


Fine te. .. 9) 


v? 
where C=0:078 for //d=0-75 and C=0-126 for I/d 

I. 

The equation is of course valid only for d> 400 
mm. and with small clearances obtained for example 
from equation (1). 

There is a reasonable agreement between the Som- 
merfeld values § obtained from tests carried out at 
the Cornell University’ and by Frankel* (Fig. 6). The 
former values exceed the latter by about 6% at //d 

0:75 and 10% at //d=1, giving a corresponding 
greater load capacity. 

At maximum load when «=0-61 for d> 400 mm., 
the power loss factor will be K = 1-3, which is clear 
from Fig. 6. At normal running units, however, the 
eccentricity ratio varies only between ¢=0-2-0-4, giv- 
ing K = 1-02-1-1. The friction loss of a fluid-film lubri- 
cated bearing is thus not greatly dependent on the 
load, assuming the clearance to be comparatively 
small. Should, however, the clearance be made larger, 
the friction ratio K between maximum load and no 
load will be considerably increased. Assuming, for 
example, a clearance taken from 6=0-001 d and a 
minimum oil film thickness of h,=0-07 0-001 d 
mm. the eccentricity ratio « plotted against the shaft 
diameters 200-1,000 mm. will be in accordance with 
the curve b in Fig. 7. At maximum load for d=450- 
1,000 mm. when «=0-8-0°86 the power loss factor 
amounts to K = 1-8-2:2. 

At the designing stage not much is known about the 
lateral forces which will act on the bearings when the 
turbine is running. They may be caused by dynamical 
unbalance of the runner, hydraulic assymetry, faulty 
erection, inclined coupling flanges, etc. The forces are 
revolving with the same speed as the shaft, but in 
some cases stationary hydraulic forces may also be 
acting. In order to obtain a rigid design of the bearing 
support and the bearing shell, the designer will be on 
the safe side if he assumes a maximum load calculated 
from equation (9). 
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It seems at first questionable to base the strength 
and rigidity on the maximum permissible load, when 
theoretically the lateral force acting on the bearing 
appears to be of rather a small magnitude. To add 
security to the design work, however, it is advisable 


Assumed values 


Shaft diameter d=1 m. 


Bearing length /=0-75 m. 


Rotational pone n=115 r.p.m. 


Peripheral speed v=6 m/s. 


Angular velocity w= 


Operting cn denon t=60°C. 


iscosity of oil »=0-002 kgs./r m*. 


Eccentricity ratio ¢«=0°4 


12 rad./s. 








—SMaLt 


Calculated values 


BE ARING CLEARANCE 





Bearing clearance §=0°35 mm. 


Eccentricity e=0-07 mm. 
Pe ca 035 1 
earance ratio y= mi 1,000 = 2,860 





Sommerfeld number S=0- 


33 


Power loss factor K=1-10 


Friction loss P,,= 10-4 k 





W 


Unit pressure p=64,500 pen /m?. 


Load stennstianedl 


Maximum load Fmax.= 110,000 ks. 


to check the rigidity by employing a sound load 


formula. In any case, it is more appropriate to use 
formula (9) as a _ guide, 


Assumed values 


Shaft diameter d=1 m. 


Bearing length /=0-75 m. 


Rotational speed n=115 r.p.m. 


Angular velocity «= 12 
ee temperature 


Viscosity of oil »=0-0026 a Sa m’. 


Peripheral speed v=6 m/s. 
rad./s. 


t=55°C. 


Unit pressure p=64,500 dest m’. 


rather 


than a 


c 


= 
} 
| 
7 
| 
i 


TABLE II. 


rule of 


-LARGE BEARING 
Calculated values 


nonin clearance §=1 mm. 


Eccentricity ratio e=0°8 


Eccentricity e=0°4 mm. 


CLEARANCE 


Power loss factor K=1°8 


Friction loss P,.=7:7 kW 


Load capacity 


Minimum oil film thickness h, 


Eccentricity e=0°43 mm. 





Eccentricity ratio ¢=0°86 





Sommerfeld number S=3- 





= 0-07 


5 





Max. unit pressure p= 109,000 kg./m’. 





Maximum load Fmax.= 82,000 kg. 





According to equation or Fig. 
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From equation (1) 


From Fig. 6 
From Fig. 6 
From equations (3) and (4) 


From equation (6) 


From equation (9) 


thumb procedure that assumes the bearing to be 
loaded with the runner weight. as a bearing for a light 
high-head Francis runner may be subjected to a much 
greater hydraulic load than a bearing for a heavy low- 
head Kaplan runner. 


Water-Lubricated Bearings 
For bearing sleeves made of rubber, 


According to equation or Fig. 


From §=0-001 d 


From equation (6) 
From Fig. 6 
sie pm 3 

From Fig. 6 
From waite 0 and (4) 


From equation (8) 


From 


From sites 6 


From equation (6) 


From Fymax. => Ap 


lignum vitae 


or plastic material water is used as a lubricant, but 
this often gives rise to difficulties, mostly due to 
the viscosity. These bearings run usually with dry 
friction as the computed load capacity is too low to 
give fluid lubrication. The friction losses in such bear- 
ings are therefore comparatively high and difficult to 
estimate. It is possible, however, to carry out com- 
parative calculations with oil lubricated bearings and 
in that way arrive at relative values of the losses. 

Consider, for example, an oil-lubricated bearing 
operating with an eccentricity ratio of «=0-2 corres- 
ponding to a Sommerfeld number of S= 0-2 for //d=1. 
The unit pressure will be obtained from equation (6): 

0:2 Nw 
Pp y* 
With »=0-0034 for oil at t=50 C. and »=0-00011 
for water at ‘=16 C. and assuming equal loads on 
both bearings S is obtained from: 
0:2 x 0:0034H S§x0-00011 » 
v? y? 
eG 2. 

From this high value of the Sommerfeld number it 
can be concluded that the water-lubricated bearing 
will run without a carrying water film, as S must not 
exceed 1:2 for //d=1 at large bearings having a mini- 
mum fluid film thickness of h,=0:-07 vd. 

Assuming again the same load on both bearings, the 
force acting will be equal to: 

F 0-2 " . ld 


kg 


2v . 04 nlv 
y? 


Inserting »= F 


d 
The friction loss in the water-lubricated bearing is 
then obtained from: 
, O4nlvvy ; ; 
P’, r = in kW. 
Where » is the coefficient of friction. The friction loss 
in the oil-lubricated bearing will be approximately, 
from equation (3), 


nlv* p 
255 wv? 


“~~ 


0-0616 v* / 4 

v 
and the friction loss ratio between the water-lubricated 
and the oil-lubricated bearing with the same load will 
be equal to: 

Pp’, vu 

Py, IS7¥ 
Assuming «=0-05 the loss ratio will be for: 
d= 1,000 mm., 6=0°35 mm. y¥ 

l P’, 0-05 x 2.860 
2.860" P, i> 7 
209 mm., 6=0°2, v 
I P’, 
1.000" P, 

Though the bearings are assumed to be rather lightly 
loaded, the friction losses will be much greater when 
using water as a lubricant. In spite of the large power 
losses, water-lubricated bearings run with a com- 
paratively low operating temperature owing to the 
fact that much of the generated heat will be removed 
by forced water flow. 


and for: d 


3:2 


Numerical Example 
In order to show the steps in the analysis of a bear- 
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ing, a numerical example will be given. In Table | the 
performance of a bearing with a small clearance jg 
calculated and in Table II with a large clearance. The 
load is the same in both cases. On account of the 
smaller friction losses with a larger clearance, the 
bearing in Table II is assumed to have an Operating 
temperature of r=55'C. Comparing the computed 
values it can be concluded that the large bearing clear. 
ance will result in a large power-loss factor K and an 
eccentricity 5:7 times the eccentricity of the bearing 
with a small clearance. 


Conclusions 

The successful running of self-lubricated bearings 
effects a considerable increase in the reliability of 
operation due to the omission of a complicated exter. 
nal pumping equipment. The circulation pumps for- 
merly used were driven by gears off the turbine shaft 
and often in connection with separately mounted 
auxiliary motor-driven pumps. Such machinery was of 
course subjected to wear and necessitated periodical 
replacement, entailing shutting down the unit. 

One difficulty of calculating the performance of 
oil-lubricated bearings is the estimation of the bearing 
clearance at the running temperature. All the calcula- 
tions in this article are based on the “cold” clear- 
ance. When the bearing sleeves are provided with 
water-cooling pipes embedded near the running sur- 
faces, the clearance will decrease at running due to 
shaft being slightly warmer than the sleeve. Cooling 
the oil outside the bearing shell will often have the 
opposite effect, giving an increased clearance at 
operation. 
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A New Kitimat Film 


Aluminium Limited has added to their film library 
an excellent new documentary entitled “Generator 4." 
It tells the story of the production of power at Kemano 
and its use at Kitimat through the eyes of a young 
engineer who goes out to work on the project. It is 
essentially a public-relations film designed to interest 
the intelligent layman, and although, as befits such a 
film, technicalities are touched upon rather than ex- 
plained, we get a remarkably impressive picture of the 
scheme from the Kenney dam to the Kitimat smelter. 
It is a film that the technical man and the layman can 
enjoy equally—and that is quite a rare achievement. 


“Uddia” Carbide-Tipped Drill Steels. Uddeholms 
Aktiebolag of Uddeholm, Sweden, have issued a 
brochure to set out the virtues of their “Uddia” drill 
steels; this publication gives tables of dimensions and 
types of drills, and notes on drilling and grinding tech- 
nique, the properties and the care of sintered carbides. 
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Replenishment of Ground-water 


Reservoirs 


By GEORGE A. WHETSTONE, Ph.D., 


Professor of Civil Engineering, Texas Technological 
College 


EARLY a century ago Richard Jex Crickmer 

precipitated one of those acrimonious discus- 

sions, carried on by means of letters-to-the- 
editor, which were a feature of the journalism, techni- 
cal as well as general, of that more leisurely period. 
Writing under the title “Geological Drainage for Lon- 
don Sewage” in THE ENGINEER for August 6, 1858, he 
prefaced his thesis with such remarks, calculated to 
arouse the indignation of the denizens of St. George 
Street. as “With all due deference to the engineering 
and scientific skill that has been brought into action in 
attempting the solution of the difficulties of draining 
London, | feel confident that we are at fault in not 
dealing with the subject naturally...”, and “The 
science of geology is either not studied by the great 
engineers, or it is overlooked . . .” 

His proposal was that the sewage. then dumped 
into the Thames, be collected for treatment in pits 
with the filtered effluent being disposed of through 
absorbent walls into the chalk. On its way down the 
effluent was to be run through a hydraulic turbine 
which, in turn, was to drive a pump to furnish “pure 
spring water from a higher stratum 
for any purpose to which it may 
be requisite to apply it; when not 
otherwise required, it can be 
allowed to enter the Thames. The 
advantages of this system, in a 
sanitary point of view, I believe 
would be great, enabling us to ob- 
tain fountains of pure water to the 
extent of some million gallons daily, 
and comparatively free of cost.” 

Crickmer’s “very singular effu- 
sion” was answered by F. G. 
Mulholland, C.E., whose father 
had proposed underdrainage for 
London as early as 1806, and who 
had himself installed similar works 
in Hobartson, Van Diemen’s Land 
in 1830-31 and in Ceylon in 1837. 
though “I freely allow him [Crick- 
mer] every benefit arising from the 
novel introduction of adjuncts in 
the shape of turbines, fountains, 
etc. 

Some years later M. G. Henriau 


2.500 to 4,000 quarts at a depth of 185-6 ft.°") The 
headwater for this operation was in a perched water 
table; discharge was to a lower absorbent stratum. 
Modifications were sketched for operating machinery 
by chain drive and for developing power by discharg- 
ing water from an artesian lower stratum into an 
absorbent upper stratum. For this contribution to 
mechanical progress, M. Henriau was duly awarded 
the third bronze medal at the annual séance of la 
Société d’Encouragement pour I'Industrie Nationale 
in 1875.) The Society. with an unerring Gallic pro- 
pensity for putting the most important things first, 
had awarded the second bronze medalto M. Gremailly 
fils ain? for his perfection of a process of dehydrating 
onion soup. 

As the reader no doubt suspects, however, injection 
wells are neither a promising source of hydro-electric 
power in themselves nor an economical means of 
placing water in storage if timing for power use has 
been the sole criterion in their utilisation. In fact, as 
pointed out in a previous paper, ground water is 
almost never developed for power alone. 





of Meaux of France actually built Fig. /. Surface features of a “two-way well” in the High Plains of Texas. 
and operated a device which lifted The shed houses an electrically-driven vertical turbine pump. The piping 
from 600 to 1.000 quarts of water in front of the shed includes a valve for regulating the flow from the 
per hour a distance of 22-4 ft., ephemeral lake in the immediate foreground, thus reducing silting by 
absorbing for this work from 
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allowing stormwater to settle before injecting it. 
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Fig. 2. An experimental recharge well in an excavated pit, Floyd County, 
Texas. Since the picture was made the pit has been filled with cotton 
burrs to act as a filter. (Photo by courtesy of High Plains Underground 


Water District.) 


Advantages of Underground Storage 

Good ground-water conditions in the headwater 
basins, however. have long been recognised as being 
almost essential for an economical power or multiple- 
purpose development. If much of the precipitation 
or snow-melt will infiltrate and then percolate slowly 
toward springs. the resulting stream flow will have 
lower flood crests and higher low-water flows. The 
natural dry weather flow, in fact, consists entirely of 
returned ground water. 

While water in the ground may not give the power 
plant operator the same pride of possession as water 
visibly present behind a dam, it has certain advan- 
tages. 

1. In general, it is less subject to loss by evapo- 
transpiration. Only in the case of a few phreatophytes 
will plants send roots to great depths or use more 
water than would evaporate from an equivalent ex- 
posed water surface. 

2. Land overlying subsurface storage is still avail- 
able for other uses—grazing. forests, transportation 
routes at high elevations, and all the complicated and 
expensive development which is inherent in the valley 
sites, otherwise ideal for reservoirs, at lower eleva- 
tions. 

3. Underground dams are much less expensive 
than surface dams. In essence, one merely provides 
the subsurface impervious curtain that would be re- 
quired anyway as a part of a barrage”: ». 

4. While silt problems are even more critical in 
ground water flow than in surface flow. the effluent 
from ground-water storage is much less turbid than 
that of the usual surface reservoir. Moreover, by re- 
forestation and other land-use practices, one may 
secure increased infiltration as a by-product of erosion 
prevention. Thus steps to combat sedimentation in 
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surface reservoirs lead automatic. 
ally to improvements in under. 
ground detention. After ail, jt 
should seldom be a question of 
underground versus surface stor. 
age, but rather of an economic 
combination of the maximum pos. 
sible underground storage plus an 
adequate surface supply of im. 
mediately available water. Land 
improvements lead to augmenta. 
tion of both supplies at the ex. 
pense of flood wastes rather than 
to either type of storage at the 
expense of the other. 


Criteria for Selecting Ground. 

Water Reservoir Sites 

As with surface storage, the 
fundamental requirements for an 
underground reservoir are a 
closed basin and an adequate 
water supply. Such basins tend to 
exist in conjunction with surface 
streams which often have gravel- 
or sand-filled alluvial stretches 
where they have deposited debris 
in earlier channels. Natural dams 
may exist along faults or at other 
places where resistant imperme- 
able strata cross the valley. Often 
a low ground water dam will suffice to entrap con- 
siderable underflow. 

A further requirement for successful ground water 
storage 1s that economical means exist for introduc- 
ing water into the reservoir. In many cases, especially 
with alluvial streams, this process occurs naturally. 
In other cases, artificial recharge may be desirable. 


Methods of Ground Water Recharge 

Artificial recharge. whether the motives be the 
accumulation of a beneficial reserve or the removal 
of a surface nuisance, is by no means an innovation 
of the past few years. We have cited the Tasmanian 
drainage disposal of 1830 and could document an 
extensive list of developments in America, Germany, 
Sweden, England, France, and elsewhere all more 
than a half century ago.) Recent developments. par- 
ticularly in America, are making artificial recharge a 
standard tool of the hydraulic engineer. 

Recharge may be accomplished by either of two 
basic methods: surface spreading or injection. Each 
of these has several variants. The one to be seiected 
in a given case depends on such factors as _per- 
meability of the surface and of lower strata, the slope 
of the ground, the turbidity of the water, land and 
water economics, dangers of bacteriological pollution, 
and dangers of chemical contamination. 

1. All students of desert or semi-arid topography 
are familiar with the surface feature known in various 
parts of the world under the equivalent names of 
“arroyo.” “wadi.” “gulch.” “coulee.” “gully.” of 
“draw.” Usually dry. these may carry large flood 
flows to waste after cloudbursts. The simplest and 
least expensive of the spreading methods is the plac- 
ing of “sausage” dams across the pervious channels 
of these ephemeral streambeds. The “sausage” in this 
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case consists of loose rock encased in wire netting. 
Watertightness is neither expected nor desired. The 
urpose of the dams is to slow down the flow and 
spread the stream out over the usually-pervious flood 
plains. Increased infiltration results from the greater 
surface area exposed and from the greater time of 
exposure. Occasional flood flows are counted on to 
scour the silt deposits from the valleys. The natural 
vegetation tends to keep the surface permeability 
high. ; 

9. Where inadequate areas exist for dependence to 
be placed on sausage dams alone, as, for example, on 
the debris cones where streams emerge from moun- 
tainous massifs, a system of furrows laid out on a non- 
erosive. non-depositing slope is often effective. Many 
such systems exist in Southern California.”:”) 

Indications of the efficiency of ditches for recharge 
may be found in studies of seepage losses from un- 
lined channels. The literature on irrigation practices 
is replete with case studies showing the magnitudes 
of these losses and their consequences in water-log- 
eed land and in alkali beds formed in the areas of 
natural ground water discharge and evaporation. 

3. In places where land costs are too high and 
permeability too low for the furrow method to be 
economical, recourse may be had to spreading basins. 
In this type of installation ponds of carefully con- 
trolled depth are maintained for several months at a 
time. Studies of proper treatment—mechanical and 
chemical—directed towards the maintenance of high 


infiltration rates have yielded significant results. Fur- 
ther research is being pushed actively in the expecta- 
tion of employing basin spreading as an integral com- 
ponent of the huge Central Valley multiple-purpose 


water development scheme.": '":')) 

4. Quarries, open-cast coal mines, gravel and other 
road-mineral pits. and, recently, pits dug expressly 
for recharge have been found to have some of the 
highest infiltration rates ever observed. In reporting 
on some experimental pits in Peoria, Illinois, with 
inflows as high as 72 mgd per acre or 220 ft. per day. 
Max Suter‘'*) concluded that for maximum efficiency 
the pit should have most of its wetted area in the slop- 
ing sides, should have a considerable depth of water, 
and should be located well above the ground-water 
level. Precautions must be taken to avoid sealing by 
silt. While water treatment is, of course, possible and 
the by-passing of flood flows is simple. neither may 
be advisable. The cost of complete filiration is so 
great in comparison with the value of the water that 
it may be justified only in exceptional cases such as 
in the recharge of municipal well fields. The by-pas- 
sing of floods results not only in the loss of water, 
but also in the loss of operating time and the danger 
of introducing air into the soil column with resultant 
blocking of the pores.'*) Suter’s studies have indicated 
that the best solution often lies in the placing of a pea- 
gravel blanket about 6 in. thick over the surface of 
the pit. An annual cleaning just before the recharge 
season begins has been found sufficient to maintain 
the rates reported from Peoria. 

In sharp contrast with artificial pits, natural lakes 
(orephemeral lakes in arid regions) are often the worst 
possible sites for recharge attempts. Their bottoms 
may be sealed with the silt and products of evapora- 
tion of a geological age. and their surfaces may be at 
or near the water table. In regions of deep water 
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table, however, contour pits just above normal high- 
water level of the lakes would have the advantages of 
the maximum possible tributary area and easy avail- 
ability of strata which might be too deep to be 
reached effectively from pits on higher land. 

5. Recharge wells have a long, but spotty, history. 
Those which terminate above the water table (“dry 
type”) have seldom been successful. Clogging of the 
aquifer by silt, bacterial growth, and chemical in- 
crustations has been the common fate of nearly all of 
them. While various methods of cleaning have been 
employed, they are usually expensive and not always 
effective. 

An interesting variant of the dry-type well has been 
developed recently in Cyprus‘'*) to meet a peculiar 
drainage problem. Over-pumping had lowered the 
water table in the well field serving Famagusta to a 
point where sea-water intrusion was occurring. Water 
was available in Paralimni Lake in sufficient quantity 
to compensate for the ground water draft but. unfor- 
tunately, the salt content of the silt beds in the lake 
is so high that promptness in the removal of inflow 
is imperative. Using six wells alone 3.100.000 gallons 
were recharged to the aquifer in 52 days during the 
winter of 1951-1952 before the salinity became exces- 
sive. Before the next season 900 ft. of tunnels to con- 
nect the recharge wells were driven in porous sand- 
stone immediately above the water table. That win- 
ter over eight million gallons were recharged, largely 
through the tunnel walls, at a rate 4-5 times as great 
as previously. At the present time over a mile of tun- 
nels are in use and sources other than the lake have 
bzen drawn on to supply the recharge water. 

6. Recharge wells possessing adequate screened 
area below the water table (“wet type”)——particularly 
the “two-way” well used alternately for pumping and 
recharging—have proved effective in several locali- 
tics in conjunction with domestic water supplies and 
irrigation. Classical examples are Long Island”, 
Louisville"®, and El Paso”. In the first of these 
places a law requires the return of used cooling water 
to the aquifer as a means of preventing further salt- 
water encroachment. In the second, a war-time over- 
draft was compensated for by the pumping of treated 
river water into the aquifer. Since the overdraft was 
principally in summer for cooling water. and the 
excess of municipal water occurred in the winter, a 
beneficial lowering of the ground water temperature 

esulted from the operation. In El Paso the municipal 

supply is partly from the Rio Grande and partly from 
two well fields. Excess river water, which is available 
outside the irrigation season, can be treated in the 
water works plants and recharged to the well fields 
thus retarding the decline in the water table and im- 
proving the quality of the ground water. 

Recharging in conjunction with irrigation has been 
employed with increasing frequency on the High 
Plains of Texas. To the saving of water which would 
other wise evaporate from shallow ephemeral lakes, 
may be added the benefit of land drainage in the fer- 
tile lake beds. Silting of the wells is avoided by back- 
pumping until the water runs clear after each recharg- 
ing session. 

Recharge wells have also been employed as a 
means of protecting well fields against salt water en- 
croachment. Tests conducted on the Los Angeles 
coastal plain “'*) have demonstrated the feasibility of 
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creating a fresh water mound by means of injection 
into a properly-spaced series of wells. The alterna- 
tives of artificial dykes or of maintenance of the 
water table above sea level in the entire well field 
would have been far more expensive. 


Recharge in Power Schemes 

The artificial recharge of an aquifer will never be a 
standard element of all hydro-electric projects. When, 
however, a hydraulic development involves close 
regulation of the total potentialities of an entire basin, 
the artificie] supply of underground reservoirs is fre- 
quently found to be desirable. 

In the Owens Valley, California, underground 
storage is resorted to near the head of the Los 
Angeles aqueduct. Power plants exist on the river and 
its tributaries above the recharge diversion and on 
the aqueduct itself near its lower terminus. 

Colorado River water, after flowing through several 
turbines and being diverted 340 miles through the 
aqueduct of the Metropolitan Water District. is fre- 
quently stored for several months under its point of 
ultimate domestic use. 

The waters of the Rio Grande, regulated primarily 
for irrigation, develop power at Elephant Butte in 
New Mexico and at Falcon Dam on the international 
reach. Between these points is the diversion for 
ground water recharge of the El Paso water works. 

At Donzére-Mondragon on the Lower Rhone, 
development for power and navigation threatened to 
affect the position of the water table.*) Drainage 
channels upstream of the dam and artificial recharge 
pits and wells below were employed to compensate 
for the new conditions. 

With increasing complexity in water development 
schemes will come increasing opportunity for the 
hydraulic engineer to exercise ingenuity in the place- 
ment and operation of power plants and of recharge 
installations. both designed to enhance the overall 

effectiveness of the total development. 
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Research at East Kilbride 


The Annual Report for 1956* of the Mechanica} 
Engineering Research Board refers to important work 
being carried out at East Kilbride in the Mechanics 
of Fluids Division under Dr. S. P. Hutton. 

Original investigations are being conducted on the 
important and difficult problem of the measurement 
of flow in large pipes. Four techniques are being 
studied by checking them against an absolute weigh- 
ing method in the laboratory. after which they will 
be subjected to field trials. 

Two major improvements have been introduced 
into the salt-velocity method. A simple a.c. bridge has 
been developed which will detect a salt concentration 
of one part in two million, and its zero reading is in- 
dependent of the conductivity of the water. The other 
improvement has been the design of a cartridge- 
operated valve which injects about 24 cu. in. of solu- 
tion in 20 milliseconds. The solution spreads as a cir- 
cular sheet perpendicular to the direction of fiow and 
enables a sharp pulse of solution to be detected. 

Research on cavitation in hydraulic machines is 
being carried out on three main lines. The two closed 
circuits that have been installed to study turbines and 
pumps respectively are being used to investigate the 
effects of test head, water temperature, pressure, and 
dissolved air on the correlation between cavitation 
results obtained on mode!s and on full-scale machines. 

Some of the physical aspects of cavitation are being 
investigated at King’s College, University of Durham, 
the aim of the work being to develop apparatus for 
detecting and measuring cavitation nuclei. It has been 
shown that the inception of cavitation is related to the 
quantity of air in the water sample, and onset is 
delayed when a sample is subjected to a pressure of 
10,090 Ib. per sq. in. for an hour or two. 

Some aspects of the mechanism of cavitation 
damage are being studied at Mark Laboratories. 
Magneto-striction apparatus is being used to vibrate 
specimens of metals in a range of liquids; the loss of 
metal under various cavitation conditions is accurately 
determined, the losses due to chemical corrosion and 
physical erosion being separated. It seems that the 
basic mechanism of cavitation damage is more chem- 

cal than mechanical. 
* “Mechanical Engiacering Research 1956." 
4s. net 


H.M. Stationery Office, Price 
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The Double Surge-tank System 


Dr. Charles Jaeger presents an original solution of the 
stability of double surge-tank systems—a problem that 
has hitherto been regarded as beyond general analysis 


PART 


Comparison with “A verage-time Values” 

The curves on diagrams 5a, 5b and Sc show how n, 
and nm. may vary from values slightly less than unity 
to values of about 1-5 or 2. 

The ratio m*—T,'/T,' is the most important para- 
meter on the whole problem. This value, too, can be 
calculated when starting the investigation, as it is 
independent of the factors n, and ny. From this 
investigation, and the diagram Fig. 5, it appears that 
the values m*—1 and more so m*=1 should be 
avoided (as already shown by the 1943 paper). On 
diagram 5b for m*=1, this condition m*=1 is 
represented by a straight line n,=n,. More generally 
speaking on any diagram (”, 1) for a given value 
m*, the condition m*=1 corresponds to the straight 
line 
..(15) 
A short survey of existing statistic shows that 
values m*~ | have been chosen in several cases in the 
past, because of local conditions and for reasons other 
than stability conditions. On the other hand, the same 
survey shows that in several cases, for practical reasons 
too, the downstream surge tank is often designed so 
that values n,~-2 were adopted. This helps to keep 
n, down, within more reasonable limits. 

Some of the results deduced from Fig. 5a, 5b and 
5c have long been known. Fig. 9/I, of the 1943 paper 
shows stable oscillations for the downstream oscil- 
lations, in a case where n,=1-67 and n,=0-83<1. 
The calculation was for a surge-tank system with 
a relatively high head, Hy=261-47m. The ratios m* 
and m* were 


: /L f, F, 1 7:07 28-15 _9 143 


n,=(m*)* ny 


m 


Ni Ly fo Fy “6330 10-75 15-95 
and 
one « /"_9.143 1-67 02 
m*=m af nie, 0.83 0-202 


(long headrace tunnel, 
short tailrace tunnel). 
This point (calculated with 
the graphical method of 
Schoklitsch) fits into the 
family of curves shown on 

diagram Fig. Sa. 

The same 1943 paper 
develops an approximate 
method for a rough estimate 





TWO 


“time-average values” for F, and F, should now be 
compared with the results by the general method of 
analysis (curve I'=0). 

The ** time-average values ”’ are: 





F, > Frn,(1+A(t) F,/Fe) ...(16) 
F, > Frn,(1 +A(t) F,/Fe) ...(16a) 
When writing 
m,=2nt/T, ard m.=2rt/T, 
thent 
sin (m,—m,)t , sin (m,+m,)t 
dn(1) 2(m,— mg) 2(m, +mMg) Ay) 


l 
3 5 Ml 
am 4 sin 2m 3m) 
The curve Am(t) varies with the time ¢ as shown on 
Fig. 6 (reproducing Fig. 8 of the 1943 paper). Am/(t) 
tends towards a limit given by 


(m,+mz,)+ |m,—m,| 


|m,+-ms|(m,+m)t (18) 


Am( tiim 
This formula, developed in 1943 already shows the 
danger of the case 7, =T7, (or m,=m,) corresponding to 
the condition m*=m*,/(n./n,)=1 introduced in this 
paper and discussed in the previous Chapter I.1. 
For conditions where m, is very different from mg, 
a value A(t)=A(t)jim, aS given by formula (18) can be 
introduced in formula (16). For m,~m, the danger of 
interference of oscillations appears at the very be- 
ginning of the surges and a value A(f) nearly equal to 
1 or equal to | (A(t)=1) has been recommended. 
Commenting on a remark by Flower," it is possible 
to write r=F,/F, and alsO Fymin=rFomin Where Finin 
is the correct value to be adopted for stability 


+Ch. Jaeger. Schweizerische Bauzeitung, 1943, equation (39), 





LIMITING CURVES 
For T,/T; =0-5 








of the surge-tank dimen- 
sions, for stability. This 
method yields values which 
can be used for preliminary 
designs only. The so-called 





T,/T,=3 
T/T,-s 
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For 7, /T,=2 





Fig. 6. Diagram showing X,.° for various values of T,/T, 
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Finin 1S therefore the equivalent of F=nFy, obtained 
when using the more general condition =—0. 
For Frn,<Frn,, eliminate Fy,, and write: 


F min Fry,(1 T ml 
: A(t) 
Fomin Fr» l T r 
and F ymin Fry(A(0) T r) 


ost) 


By varying the parameter, it is possible to draw on 
the (F,, F,) diagram a curve Of Fymin versus Fomin 
which shows the limit for stable and unstable os- 
cillations, on the basis of the “ average-time values.” 
(See Fig. 2). 

For Fry, > Fr», the curve to be drawn is obtained by 
eliminating Fy, and writing 


F min Frn,( 1+ A(t)r) | 


(192 
Fomin F min r | ( i) 


According to Balint a value A(t)—Cr=0-7 gave a 
curve acceptable when dealing with the Kiewa tanks 
(for m*=—0-94 see Fig. 2). For Chute des Passes a 
value A(t)=0-2 was found to give acceptable results 
for preliminary investigations (for m*—0-255). 

When correctly applied, the formula (16) to (19) 
yield acceptable results for preliminary designs, but 
it must be emphasised that the ** time-average values ”’ 
have never been intended to do more than allow a 
first shot at a preliminary design and should not be 
used for final design considerations. The “ time- 
average values” can be calculated in a short time, 
whereas the calculation of a curve ’=0 or the tracing 
of so-called Schoklitsch diagrams is a time-absorbing 
procedure. 


Il. DISCUSSION ON 
THE REQUIRED MARGIN OF SAFETY 
For oscillations in systems of surge tanks to be not 
only stable (like sine curves) but really damped, a 
certain margin of safety is required, on top of the 
factors n, and n, calculated in the previous chapter. 
The same problem of the safety factor for single surge 
tanks has been amply discussed without having reached 
final and undisputed conclusions.) When extrapo- 
lated to systems of tanks, the decision on the required 
margin of safety is obviously still more difficult to 
assess. 
There are different avenues for approaching the 
problem, of which two will be investigated here. 
The safety factor can be estimated either so as to: 
(1) Give a sufficient margin covering all restrictive 
assumptions introduced during the calcula- 
tions, or 
(2) Cause a reasonable damping of the surges. 


1. Determination of a Safety Margin covering Main 

Restrictive Assumptions made for the Calculation. 

When writing down the stability equations a certain 
number of restricting assumptions are made: for 
linearising the basic equations it is usually assumed 
that oscillations are of small amplitude,"':*) the turbine 
efficiency 7 is supposed to be constant, and the friction 
losses in the pressure pipeline are neglected. 

Large oscillations require an additional safety 
margin, but the losses at the surge-tank intake, where 
it bifurcates from the main terminal, are also greater 


39? 








reasons, when calculating with “ average-time values.” 


for large oscillations and it is expected that this latter 
effect cancels out the former one. 
The efficiency curves of turbines where the efficien 

7 is traced versus the load N, show a maximum valye 
somewhere near 75% or 80% of the load maximum 
Nmax- The efficiency increases from a low value tg 
this maximum where 0n/9N=0 (see Fig. 7) and then 
decreases (0n/0N<0O). It is well known that thege 
efficiency variations influence the surge oscillations 
and that the stability is less when 0n/0N <0. 

When friction losses in the upstream and in the 


1) TAN =0 
Tmax 





TAN p>0 TAN P<0 











My N 
Fig. 7. Efficiency curve »=n(N) 


downstream pressure tunnels tend to stabilise oscil- 
lations, the friction losses in the pressure pipe have the 
opposite effect."':*8) It has always been recommended 
that both the friction losses in the pipeline and the 
negative gradient of the efficiency curve for high 
output be considered in the estimate of the required 
margin of safety, as the stability of surges must be 
guaranteed for all possible load variations. 

In the 1943 paper, a step-by-step calculation with 
the extended graphical method of Schoklitsch has been 
recommended for these investigations. Calame and 
Gaden™? and, with greater emphasis Gardel,’ have 
proposed an analytical approach to the same problem. 

When discussing surge-tank systems, the same 
approaches may be considered too. For final in- 
vestigations, direct calculation with the extended 
graphical method of Schoklitsch is the best approach. 
For preliminary investigations a method similar to 
the one proposed by Gardel can be recommended. 
(a) Summary of the findings of Gardel®? 

In a remarkable thesis on surges and surge-tank 
design, Gardel comes to the following conclusions:— 

The velocity head W2/2g increases the damping of 
surges but only 0-7 W?/2g can be added to the friction 
losses and other losses, instead of the full W*/2g 
usually assumed to be efficient. 

The full effect of the friction losses in the pressure 
pipeline must be considered. If C=C,(Q/Q,)? is the 
pressure loss in the pipeline and cy=C,/Z, the 
relative value of this loss (for Q=Q,), the effective 
net head acting on the turbine is (for Q=Q,): 
H,=H -PW,? Cyo=Am—Co with Hy,=—H Pw, 
or in relative values, dividing by Z*: 


Hy Hrp, Co 
— aa ae 


Gardel shows that the equations for surge stability 
are still valid if Ay, is replaced by hyp—2Cy=hrna—3¢o 

In another chapter of his thesis, Gardel') extends 
the theory first developed by Calame and Gaden“) on 
the effect of the turbine efficiency » on surge stability. 
He confirms that—as previously assumed by Calame 
and Gaden—the main factor to be considered is the 
slope (tan p) of the curve of » versus the turbine output 


he: hu Co 
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N (Fig. 7). | urthermore, if 

f=1—3 tan p 

(tan p<O for N>N,), the relative head hy can be 

replaced by /)/f as shown by Gardel. 

(b) Extension of Gardel’s findings to a system of tanks 
When repeating the calculations of Escande- 

Houron,*) and taking full advantage of the remarks 

by Gardel,*’ it can be shown that the fundamental 

equation of surges in the upstream tank“)* 


@Z,_ 4, dZ 


de ge tH 2-SO 


which Escande-Houron'®)’} write; in relative values: 


aZ, 5) dZ, 


| 2iia\« 
Ms ? | 4 2 | 10 7 
dt,’ ani ™ dt, . | )2: 


hyo 


2x /(_ dZ, 
i, o\™ dt, + damp oZ:) ...(6a) 
can be rewritten: 

oF _5, . =. dz 1 472/ 2P10 
a" Vins a Wea Oe | 


('-2Cro } | a 2Cr») 


2am dZ, 
his | dt, 


c 


In this equation H, 
hip Hy Zar 
According to Escande, 


Z x2 Ly fF; Fin F,T, 
Ze NLihek, Fr Fy T, 


In order to prove equation (20) to be correct, tho 
shortest approach consists in writing, in relative values, 
for the upstream system and for a small time variation 
At (the time unit being here, according to Gardel 
T,=\/(L,F,/gf,) so that 27 vanishes): 


4np Zs) ...(20) 
2Ci0 
C, and 


H—P,W..°— P.We,* 


m . 


Aw,'+4Z,+2p,,4w,—0 (dynamic equation) 


4h,, , : 
4q- he’ 0 (governing equation) 
10 
4h, —4Z,—2C,4q—mAZ, (variation of the head) 


4w,=—4Z,'+4q 
Then 4w,’=4Z,"+4q’ 
4h,’ c 


(continuity of masses) 


Aq’ (4Z,'—2C,4q' —m4Z,') 
h* hyo 5 
and 
4Z," pS (4Z,' —2C,4q' —m4Z,')+-4Z, 
10 
9) , 2Pi0b a] - 
+ 2p 4Z, (4Z, —2C, 4g —m4Z,)=0 


* 
hv 


For =1 and C,=0, this equation becomes: 


*See Ch. Jaeger, Schweizwische Bauzeitungm Vol. 122, No. 
21-26, 1943, equation (33). 


*See Escande-Houron, op. cit, equation (6) and Ch. Jaeger, 
“ Engineering Fluid Mechanics,” 1956, p. 252. 
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4Z,"—AZ,’ (;,, 2») +42, (1 Pr) 


10 


m , 2Pygm 
4Z,'-—=* 4 
hy * hyo 


which is identical with equation (6a) of Escande- 
Houron. In the general case, when (41 and C,0, 


Aq=-,—— (42, m4Z,) 
2 -2C, 
4 
Aq’ = 7 | (4Z',—mAZ',) 
e 10 x 
4 


the main equation becomes, after rearrangement: 


4Z," —4Z,' = I 2 Pro\ | AZ,| 1 woe 
10 10__ - 
t 2Co } t 2Cy 
¥ — [4Z,’ 1 2P10 4Z,] «s2Oa) 
Mto_o¢ 
c 0 


which, taking account of the new definition of the 
time, is identical with (20). 

Therefore: All the previous developments on the 
general theory of surge-tank systems are still valid 
if the relative heads fy, and fA are replaced by 
1/[(A*/0)—2Cyo] and 1/[(A%/2)—2C.9] where Af, and 
h%, now include the loss in the pipeline: 


ya 1 PaW ae? —PaWe—Co 
0 Z. 
When all circumstances (pipeline losses, turbine- 


efficiency variation, etc.) are considered, the safety 
against unstable surges is decreased in the ratio 


* 
hx 


or g 
hyo hao 


2C 2 





for the tanks / and 2, or alternatively, the areas of the 
tanks have to be increased in the inverse proportion 
to maintain a predetermined safety factor. This may 
represent as much as 20% to 40% increase on the 
values n, and n, shown on Figs. 5a, 5b and Sc, if the 
surges have to be stable under any conditions. 


2. Determination of a Safety Factor causing a Rea- 
sonable Damping of the Surges. 

Another approach to the problem of the safety factor 
to be adopted has been developed in previous 
papers.'?)+ It was shown that the classical damping 
factor 4=Z;,,/Z; becomes, for a single tank 


Zi+1 


i 


— e2nPo[(1/v n)—Vn\Tr 


A= 
] 


,>(1+n\? 
, p'( tr) 


+See Ch. Jaeger “ Engineering Fluid Mechanics,” 1956, pp. 
253-255 and formula (28). 





where i= 


303 




















>-N* constant —J——_— — eee 1 - 
dy 
dN 


>0 





een owned 

















ig EN eee 
| 
| | | 
- ~—>—-+ | 
oe ae ee 
5 ae 





wee DISCHARGE CURVE FOR CONSTANT 
























FRICTION LOSS 

















’ 
s 
: 
’ 
” 
’ 
3 
’ | 
4 EFFICIENCY 5 x 200,000 H.P. i a4. 
DISCHARGE CURVE FOR VARYING : 
EFFICIENCY ; | 
| J 
emeeseeses DISCHARGE CURVE FOR VARYING : an See 
~160 EFFICIENCY WITH GATE LIMITER | H AXIS N&2 
: 
| | 
| : 
| 7 
| , 
} : 
j ' + 
= | | — + 
; 
| ’ 
| | } ’ 
| ' 
| : 
: ¥ 
} | } 
-200}-— T | Tt lt 
} s 
; 
j ’ 
| } 
| 
| | i | i i j | 
0 4 8 12 16 20 24 28 32 36 40 


VELOCITY IN CONDUIT, feet /sec. 





Fig. 8. Surge-tank discharge curves under various conditions 


when relative values are being used. 

In addition, the value n= F/ Fy, can be determined so 
that, after a time 7r*7 the maximum initial surge Z,,0 
has decreased to a value A. Say, for example, that after 
a time 


Tr*T=2eTr* /E F 1 hour 
Ng f 


the ratio 4’ should be reduced to 
A’ =A/Zmax=1/10 


Then, the formula of surge damping yields 


= — er(I/hy— 2p,)Tr* 


LZ max 


e27Po {(A/Vva)—+ n)Tr* on (21 ) 
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or log, A’= 2mpe'( ~¥ n) Tr* 
yn 


...(2]a) 


Let T’=27 /- Fra be now introduced as unit of 
Ng f 


time, instead of 727 fe. A new relative value 
g 


Tr**=Tr*4/n (longer than 7r* if n>1, as the unit 
time is now shorter) can be defined. 
Introducing this new unit, a formula 


\ar* 
¢ A’ =2mp,'(—-— 22 
log ™Po (. n V ) fn ( ) 
or log, 4’ =2np,'("—1)Tr** ...(22a) 
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shows all the values expressed as implicit functions 
of Fr, (instead of F) and n can readily be calculated as 
1 
log, A" 
2p, Tr** 


...(23) 


a= 
1+ 


These remarks, valid for a single surge tank, can 
be extrapolated to the theory of surge-tank systems. 
It is suggested that, in order to reach a certain pre- 
scribed damping factor 4’ (or 4) the values n, and n, 
calculated with the formulae (10), (10a) and (14), (see 
diagrams Fig. 5) should be multiplied by n as given by 
formula (23), where the suffixes / and 2 have to be 
introduced for the two tanks separately. 

The final decision on the safety factor to be adopted 
will be made by comparing the values given by the 
two different approaches investigated in this chapter. 

In this discussion, the oscillations are supposed 
to be small. The effect of large oscillations will be 
checked by drawing a diagram with the extended 
method of Schoklitsch. ‘?? 

The turbine governor is assumed to work instan- 
taneously and no account is taken of its real charac- 
teristics. 


lil. REMARKS ON OTHER LIMITATIONS 
BEARING ON THE 
STABILITY OF SURGES 


Diagram Fig. 8 may be used to illustrate a final 
point.t In this diagram, the curve —Z= PW? represents 
the pressure losses in the tunnel. The curve C=constant 
is for C= Q(H+ Z)=constant, the curve for governing 
at constant load, assuming »=constant. It is well 
known that the two points of intersection of these two 
curves correspond to two possible axes I and II of 
surge oscillation. For practical reasons, only axis I 
is to be considered. If C=Cyax, there is only one 
solution, corresponding to Z=—H/3, determining 
point A (Fig. 8). Beyond that point, no stable 
governing is possible. 

To make this enquiry more comprehensive, three 
curves Z=Z(W) have been drawn in Fig. 8, in addition 


to the curve —Z—PW?: 
(a) The curve Z=Z(W) for normal governing, 
assuming constant. 


(b) The similar curve Z=Z(W) including the 
variation of 7, when 0n/0N <0, and also the losses in 
the pressure pipeline. (This curve is usually used 
when drawing the “ Schoklitsch ’’ diagrams.) 

(c) The curve Z—Z(W) corresponding to constant 
gate opening when a gate limiter limits the normal 
governing beyond a certain output. In this case Q is 
proportional to \/[2g(H—Z)]. 

As soon as this limiting gate-opening condition (c) 
is allowed to occur, surge stability is always achieved, 
but at the cost of a drop in frequency. It is for the 
electrical engineers in charge of grid operations to 
decide if such a frequency drop is permissible or not 
and to determine the point where the curve (c) may 
replace curves (a) or (b). 

It may happen that curve (c) is established auto- 
matically. When a small load variation 4N occurs 
(or is artificially imposed) on the turbines, without 





tThis diagram is basically identical to Fig. 131 and Fig. 137, 
of Ch. Jaeger “‘ Engineering Fluid Mechanics,” pp. 233 and 235, 
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the frequency of the grid being noticeably altered by 
this load change, the governor, set on stable grid 
frequency, will not react and the turbine gate opening 
will maintain itself constant (case (c)). 

The curve Z=Z(W) (a) or (b) cuts the friction- 
loss curve —Z=PW® at two points. It is obviously 
dangerous to come near to point A where no stable 
governing can exist any more. The points of inter- 
section and the curves must be at reasonable distance 
from point A. These conditions can easily be checked 
on a diagram like Fig. 8. 

Fig. 8 is drawn for single surge tanks but can be used 
to illustrate the conditions in a system of surge tanks, 
when large oscillations may occur. 


Final Remarks 

This article deals with the case represented in Fig. 1. 
A similar treatment applies to the case where two 
surge tanks are on the same side of the turbines. ‘®? 
If the tanks are restricted-orifice tanks, the basic 
treatment will be the same. 
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Catalogue of Films 


The Swedish State Power Board have issued an 
illustrated brochure calling attention to the many films 
they have available on the development of water 
power and related matters. About a dozen of them 
have commentaries in English and cover virtually 
every aspect of hydro-electric development including 
stream regulation, planning a new station, tunnel driv- 
ing, transmission systems, both a.c. and d.c., and the 
use of series capacitors. The times of showing range 
from 12 to 30 minutes and are given in each case. 
Application for the catalogue should be made to the 
Press Department, The Swedish State Power Board, 
Postfack, Stockholm 1, Sweden. 
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1. Artists’ perspective of completed dam, looking upstream 


The Dalles Dam 


This important project, which is being constructed by the 

U.S Corps of Engineers on the lower main stem of the 

Columbia River in the Oregon-Washington area of the Pacific 

Northwest, is described by Herschel V. Klaas, B.S. and 

M.S. (A.E.), University of Idaho, who is Project Coordinator 
of the Dalles Dam 


HE Dalles Dam is a multi-purpose project incor- 

porating hydro-electric power, navigation, recrea- 

tion, and irrigation development on the lower 
main stem of the Columbia River. When completed, 
the 8,700 ft. long dam will form a 25 mile lone reser- 
voir fed by a 237,000 sq. mile watershed. A total of 
330,000 acre ft. will be impounded covering 11,000 
acres at normal pool level. 


Function 

The Portland, Oregon-Vancouver, Washington, 
area is one of the principal electrical load centres of 
the Pacific Northwest. Major functions of the project 
are the improvement of the Columbia River for navi- 
gation and generation of hydro-electric power at a site 
close to the load centre. Power load growth in the 
Pacific Northwest far exceeds the installation rate of 
new generating facilities. Energy shortages exist such 
that service for new loads can be provided only on an 
interruptable basis. The Dalles, a run-of-river power 
plant, will supply additional energy capacity closer 
to the present major load centres than any undeve- 
loped site on the Columbia River. Height of tailwater 
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to forebay will normally be 87-5 ft. Tailwater at the 
site is the upper end of the Bonneville Dam reservoir, 
hence large releases can be made for peaking power 
without serious detriment to navigation. Major trans- 
mission lines adjacent to the Oregon abutment of the 
dam interconnect with McNary Dam, 100 miles up- 
stream and Bonneville Dam, 50 miles downstream. 

Navigation on the Dalles pool will replace the long- 
used and inadequate Dalles-Celilo canal and locks 
which until now provided the only navigation bypass 
of nearly 12 miles of non-navigable river, including 
Five Mile Rapids and Celilo Falls. This canal, com- 
pleted in 1919, the rapids and the falls will be in- 
undated by the Dalles reservoir, thereby eliminating 
a serious bottleneck to navigation. It is ultimately 
expected that more than 44 million tons of commerce 
will pass through this lock annually. 


Project Site and Geology 

Much of the project area is on dry land for all but 
extreme flood conditions. The site is well suited to the 
high-speed construction programme which began 
early in 1952 and schedules power from the first two 
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main units in November 1957. Ample working space 
was available with easy access to rail lines, highways 
and power sources on both sides of the river. 

Location of the principal features of the dam in- 
volved consideration for certain special conditions. It 
was important that river navigation be maintained 
with minimum interference through Big Eddy lock 
and The Dalles-Celilo canal. Project layout and con- 
struction sequence were aimed towards keeping this 
vital passageway in use as long as possible up to the 
time of activating the new lock, which is located at 
the right abutment. 

The main river channel had been eroded along fault 
lines bounding the construction site until the river 
bed is 100 to 300 ft. below water surface. Conse- 
quently the left abutment rock and earthfill structure 
is a practical solution for closing the main river chan- 
nel. This work was scheduled as the last major con- 
struction item timed to close the river after the fall 
fish run in 1956. Navigation through the Dalles-Celilo 
canal continues until material closes the gap left in the 
rockfill section for Big Eddy lock. 

The only major cofferdam enclosed the power house 
and east fish-ladder area. Approximately 58 steel cells 
isolated this area from the river. Earth and rockfill 
cofferdams including 11 steel cells protected the re- 
mainder of the construction area. 

Extensive investigations and foundation explora- 
tions revealed the dam and reservoir to be underlain 
by basalt. Maximum depth of silt, sand and gravel 
overburden encountered was approximately 30 ft. 
Only about 40% of the basalt bedrock was super- 
ficially masked by this material. Basalt flows are 
generally less than 100 ft. in thickness and occasion- 
ally have interflow units resembling flows. General 
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Fig. 2. Power house and cofferdam viewed from Oregon shore 





rock texture is very fine-grained to glassy and finely 
prophyritic. 

Flow contacts vary. At one extreme the base of the 
overlying flow has been fused to the surface of the 
underlying flow, while at the other extreme the con- 
tact is open with voids occurring between flows suf- 
ficient at least to allow rapid movement of ground 
water. Dominant joint systems are roughly vertical, 
tightly sealed and generally impervious. 

Three large faults occur in or near the project and 
determine the course of the river at the dam site. One 
fault crosses the river just downstream from and 
parallel to the spillway structure. A branch of this fault 
passes across the downstream approach to the naviga- 
tion lock. Another fault is aligned with the river chan- 
nel at the left end of the power house. The rockfill dam 
which blocks the river at this point is across and 
normal to this fault. A third fault in and along the 
river channel between the power house and the 
Oregon shore intersects the alignment of the other two 
faults. The resulting circuitous river course therefore 
formed a peninsula exposing the main dam-site area 
to water on three sides. 


Navigation Lock 

The navigation lock is located at the right abut- 
ment. Its chamber, measuring 86 ft. by 675 ft. in clear 
plan dimensions, was excavated in solid basalt. Ex- 
cavated material was spoiled in a manner to form the 
downstream rockfill guard wall. Concrete walls are 
4 ft. thick and are anchored to the rock sidewalls. 

Filling and emptying systems used are the bottom- 
lateral culvert type like those adopted for the McNary 
lock. A 12 ft. by 14 ft. culvert aligned along the base 
of each of ihe lock sidewalls connects to the bottom 









Fig. 3. Spillway, dam and power house viewed from Oregon shore 


laterals. Streamlined side-ports in the laterals permit 
uniform filling and emptying with minimum disturb- 
ance to barge traffic and with moderate hawser 
stresses. Filling time for maximum lift of 90-5 ft. is 
12-9 min. Emptying time is 16-9 min. 

A tainter-type upper lock gate is 86 ft. long, 22 ft. 
high and weighs 80 tons. It is raised to close the open- 


ing and lowered into the lock chamber to open. The 
lower gate is the conventional arch rib type mitre gate. 
Each leaf is 54 ft. by 108 ft. and weighs 344 tons. 


Spillway 

The spillway design flood has a peak discharge of 
2,290,000 cusecs. The maximum recorded flood flow 
of 1,240,000 cusecs occurred in June 1894. Within the 
early life of the project upstream storage will regulate 
the flood of record to a peak flow of 1,050,000 cusecs. 
This flow will pass through the spillway without ex- 
ceeding normal pool elevation 160 M.S.L. 

The spillway consists of 23 bays, 50 ft. wide and 22 
piers, 10 ft. thick, making a gross length of 1,370 ft. 
Control of the discharge over the spillway by means 
of tainter gates resulted from studies showing overall 
economy and such advantages as pushbutton regula- 
tion, better flow characteristics at piers, more clear- 
ance under deck beams for maximum flow, less ton- 
nage of steel and less servicing of gates required. 

The stilling basin is conventional with one row of 
baffles 9 ft. high and a 13 ft. high end sill. The addi- 
tional height of end sill over that of the baffles was 
established primarily to reduce rock excavation on 
the shelf downstream from the stilling basin. Energy 
dissipation by hydraulic jump is accomplished in the 
170 ft. long stilling basin for all discharges up to the 
spillway design flood of 2,290,000 cusecs. 


Power House 

The power-house structure measures 2,150 ft. long. 
It is founded in solid basalt rock with the deepest nart 
of the structure at minus 23-7 ft. M.S.L. The intake 
deck is at elevation 185-0 M.S.L. Space is provided for 
a total of twenty-two 78,000 kW main units, of which 
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14 comprise the initial installation together with two 
station service units of 3,000 kW each and two 13,500 
kW units which supply water for fish-passing facilities, 
Approximately 1,000,000 cu. yards of concrete were 
required to build the structure, although eight units 
are, for the time being, left in a skeletonised state of 
completion until future upstream river development, 
load growth, and other factors require heir activation. 
These skeletonised units serve as river diversion struc- 
tues during the projects final construction stages. The 
station service turbines are vertical-shaft single-runner 
Francis type with plate-steel spiral case and conical 
flaring draft tube. Direction of rotation is counter- 
clockwise when viewed looking down on the unit. 
These turbines have a rated (guaranteed) capacity of 
4,500 h.p. when operating at 277 r.p.m. under a net 
head of 81 ft. and the guaranteed capacity of not less 
than 3,000 h.p. at a net head of 60-0 ft. Efficiency at 
best gate opening, rated head and speed will be not 
less than 90-:0%. 

The fishwater turbines are vertical-shaft single- 
runner Kaplan type for installation in concrete spiral 
cases. Direction of rotation is counter-clockwise when 
looking down on the unit. They deliver 18,800 h.p. to 
the generator shaft at a net head of 74-0 ft., their rated 
output. The rated speed at which these turbines oper- 
ate is 200 r.p.m. 

The 14 main unit turbines are vertical-shaft single- 
runner Kaplan type for installation in concrete spiral 
cases. Direction of rotation is counter-clockwise when 
looking down on the unit. They deliver 123,800 h.p. 
to the generator shaft at a net head of 81-0 ft., their 
rated output. Rated speed is 85-7 r.p.m. 


Fish Facilities 

The Columbia River and its tributaries provide 
spawning grounds for extensive runs of salmon, steel- 
head trout and other migratory fish and comprise one 
of the principal sources of commercial salmon for the 
nation. During the last decade the annual catch in the 
Columbia River has averaged 20 million pounds. 

Planning and design of the fishpassing facilities re- 
1957 
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flect results of intensive studies making use of model 
tests, experience and research at Bonneville aid Mc- 
Nary Dams, and technical advice of State and Federal 
agencies. 

~The north fishway is 24 ft. wide and has a slope of 
|: 16. Fish enter the structure at the north end of the 
spillway through two 15 ft. wide bays facing down- 
stream and one side entrance into the stilling basin 
which collects fish from the end spillway bay. Dif- 
fusion chambers feed auxiliary water into the lower 
reaches of the ladder for fish attraction flow as tail- 
water submerges weirs at the lower end of the ladder. 
Water for operation of the fish ladder is supplied from 
the forebay through a separate gated channel. 

At the south end of the spillway is a fishway en- 
trance structure similar to the one just described. Fish 
collected at this point pass along an open channel to 
the west end of the power house. From that point 
their journey continues along the length of the 
power house through the transportation channel 
constructed in the draft tube structure to the east 
fishladder junction pool. At that point the fish join 
with others which have been collected from en- 
trances along the entire length of the draft-tube 
structure and at each end of the power house. From 
the junction pool, the migrants reach the forebay 
either by way of the fishladder at the east end of the 
power house or by way of the fishlock adjacent there- 
to. An additional fishway entrance is provided near 
the point where the rockfill dam joins the concrete 
non-overflow dam at the east end of the power house. 
This access to the east fishladder will be used by fish 
which follow the river channel to the point where the 
channel is blocked by the rockfill closure dam. 

The east fishladder is constructed entirely of con- 
crete on a slope of | : 16 with a 30 ft. width. All fish 
are identified and counted at the point where they are 
released into the forebay from each facility. 

Auxiliary attraction water is supplied to all the fish 
facilities, except the north fishladder, by routing the 
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Fig. 4. View showing downstream 


discharge from the two fishwater turbine units. These 
turbines extract most of the energy from the large 
volume of water required for the fish facilities before 
it is diverted into them. Such an arrangement provides 
tangible benefits in terms of electrical energy. So far 
as is known this is the first use of such a unique 
arrangement in lieu of obtaining such water either by 
pumping from tailwater or drawing it direct from the 
forebay. These units will convert the otherwise wasted 
energy and will discharge the required amount of 
water directly from the fishwater-unit draft tubes into 
the fishway auxiliary water-supply system. 


Closure Dam 

One of the most interesting phases of the project is 
closing the main river channel with a rock and earth- 
fill dam, thus changing the ancient river course and 
directing it into the forebay diversion channel through 
the section of skeletonised power house. The main river 
channel to be closed measures approximately 500 ft. 
wide and 185 ft. deep. The completed fill section at 
this point will be approximately 295 ft. in total depth 
with a base width of approximately 1,200 ft. 

During first construction on the project, the original 
river bottom in the closure area was covered with 
rockfill to about 20 M.S.L. Maximum depth of this fill 
is nearly 125 ft., thus leaving a water depth over this 
fill of approximately 55 ft. during low river flows. This 
initial fill was placed using rock disposed from the pre- 
liminary power house and cofferdam excavations 
nearby. Since its placement, four annual flood freshets 
have buffeted it without any appreciable effect. 

The contract to construct the closure dam and effect 
the river diversion was awarded in October 1955. 
From that time until September 10, 1956, the contrac- 
tor was engaged in developing haul roads from mater- 
ial borrow areas and constructing much of the left 
abutment from the Oregon side to the water edge. 
Construction of essential parts of the project would 
not permit closure until after high water in the sum- 







entrance of navigation lock 
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Fig. 5. View of powerhouse intake structure 


mer of 1956. A section of the left abutment was left 
open to permit shipping through the existing Dalles- 
Celilo locks until January 1957. Fish runs prevented 
dumping material in the main river channel until 
September 10, 1956. At that time the contractor acti- 
vated an expedited programme of continuous rapid 
placement of material in the main river channel. 
Quarry-run rock from a source nearby on the Oregon 
shore was end-dumped into the river along a 240 ft. 
wide front. On October 17, 1956, the main river chan- 
nel was blocked, thus diverting the total flow less seep- 
age through the power house skeleton units 15 to 22. 
Sufficient additional fill was scheduled to be placed by 
January 15, 1957, to permit construction of the per- 
manent rail and truck accesses on the fill from the 
Oregon side to the lower or tailrace power-house deck. 
This will replace and allow removal of access facilities 
across the forebay which will be used until that time. 

Hydrographs show that major winter floods have 
not occurred in the past until after the scheduled com- 
pletion date of the berm on the closure section which 
forms the roadbed for the aforementioned power 
house access from the Oregon shore. The low point on 
this berm will not be overtopped by any flow less than 
400,000 cusecs, which is 32,000 cusecs more than the 
maximum flood of record for the winter season. Flows 
of sufficient magnitude to interfere with work are 
usually of short duration and delay would not be seri- 
ous. Any flood which might occur early in the winter 
and interfere with completion of the diversion fill 
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would cause more serious difficulty and delay than a 
flood of great magnitude later in the winter. In this 
case the contractor would have sufficient advance 
warning to devise measures to prevent overtopping of 
fill and continue rock placement if other work were 
stopped. In case of serious delay, the pool could be 
raised to the minimum established pool level of eleva- 
tion 155 as soon as the closure dam is completed to 
elevation 160. Completed elevation is 185. In the event 
of an extreme delay, ihe contractor could concentrate 
his efforts in constructing the rockfill section and place 
the upstream gravel transition and blanket zones after 
the pool is raised. 

The summary of ice conditions recorded indicated 
that ice in the river would not occur early enough to 
interfere with construction of diversion rockfill or with 
the placing of gravel or blanket material below eleva- 
tion 90. Severe icing in January or February would 
probably interfere with placing blanket material at 
the upstream toe, but delaying this operation would 
not be serious. 

Schedules call for raising the pool in two stages." 
On the week-end of March 16 and 17, 1957, the intake 
gates in the diversion power-house units will be closed 
allowing the pool to raise to elevation 130. With the 
usual river flow for that time of year, this filling will 
be accomplished in a matter of hours. On the follow- 
ing week-end of March 22 and 23 the reservoir will 
* iThe text of this article was received before the dates mentioned in 

this paragraph.—Editor, WateR Power.] 
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be elevated to minimum pool level. This causes mini- 
mum disturbance to the Bonneville pool downstream. 
Coincident with raising the pool to minimum eleva- 
tion 155, navigation will resume through the new navi- 
sation lock. The fishwater turbine units will be acti- 
vated by April 1, 1957, for supply of water to the fish 
facilities which must be placed in immediate use to 
pass the spring run of salmon. Installation of main 
generating units in the meantime will have progressed 
towards the schedule of placing the first two main 
units in service by November 1, 1957. One additional 
unit will be activated each three months thereafter 
until all fourteen of the main units are on the line in 
November 1960. 


§. A. Healy Co. White Plains, New 


Atkison-Ostrander Co. 


Winston Bros. Co. 
McLaughlin, Inc. 
F. & S. Contracting Co. 
Johnson, Drake & Piper. Inc. 
Donovan Construction Co. 
C. F. Lytle Co. 
S. Birch & Sons Constr. Co. 
Foley Bros. Inc. | 
Fegels Constr. Co. Ltd. 
Cc. J. Montag & Son, Inc. 


Power-house Constructors (9 firms) | 


Baldwin, Lima, Hamilton Corp. 
General Electric Co. 
Allis-Chalmers Co. 

Westinghouse Elect. Corp. 
Pelton Water Wheel Co. 


Schenectady, New 


Electric Machinery Mfg. Co. 
Woodward Governor Co. 
Ferranti Electric Inc. 
American Ligurian Co., Inc. 
Cyclops Iron Works 

Moffett Engr. Co. 


Oakland, California 


Portland, Oregon 


Philadelphia, Pennsylvania 


Minneapolis, Minnesota 
Rockford, Illinois 
New York. New York 
New York, New York 
San Francisco, California 
Albany, California 


At the time of writing the project has been under 
construction since early in 1952. The construction 
schedule established at that time has been adhered to 
and apparently will continue to coincide with remain- 
ing work to be completed. Favourable bids, combined 
with design improvements, have contributed to a 
reduction from the original project estimate. The cur- 
rent cost estimate is $260,000,000. 


Principal Contractors 

The Dalles Project is being carried out by the Corps 
of Engineers, U.S. Army, and the following is a list 
of the principal contractors engaged:— 


York Preliminary excavation for, and cofferdaming of, 
power-house area. 

Construction of complete spillway dam, navigation 
lock, north fishway, 8 power-house skeleton units, 
east fishway and non-overflow dam, and closure 
dam. 


Substructure for 14 power-house units including 
finish excavation for all 22 power-house units. 


Power-house superstructure for 14 units plus fishway 
and non-overflow dam between spillway and power 
house. 

14 main-unit turbines. 


York 14 main-unit generators. 


Milwaukee, Wisconsin 2 fish-unit turbines. 
Pittsburg, Pennsylvania 
San Francisco, California 


2 fish-unit generators. 

2 station-service turbines, main-unit and 
generators. 

Station-service generators. 

Station-service governors. 

Transformers for main units 1-14. 

30 ton spillway deck ganiry crane. 

35 ton power-house intake gantry crane. 

Two 370 ton bridge cranes. 


fish-unit 


Big Rainmaking Project Begins 


The biggest rainmaking project ever undertaken in 

the world has begun in Australia in a bid to bring 
beneficial rains to areas affected by drought. Four air- 
craft provided by the R.A.A.F. began “ seeding” 
suitable cloud formations in three states, Queensland, 
N.S.W. and South Australia. In Western Victoria, 
Where some rain had been falling, another aircraft was 
standing by for similar work, should the natural fall 
be insufficient. Heavy cloud formations, moving to the 
west in N.S.W., Victoria and Queensland, greatly in- 
creased the prospects of producing rain by artificial 
means. 
_ The chief of the Radio-Physics Division of Austra- 
lia’s Scientific and Industrial Research Organisation, 
Dr. E. G. Bowen, who is directing the experiments 
said that scientists were hopeful of inducing useful 
falls within a few days. Apart from the aircraft em- 
ployed on breaking the drought, two other aircraft 
are engaged on long-term experiments over the Snowy 
Mountains, N.S.W., and the Lofty Ranges of South 
Australia. It has been estimated that, during the last 
1957 
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two and a half years, experiments in the Snowy Moun- 
tains area have caused a substantial increase in rainfall 
over a target area of a million acres. Information from 
these tests has been passed on to the U.S.A.. and the 
Australian method of rainmaking is to be given a trial 
soon in Arizona. 


Water-Power Models and Films. The Federation of 
Civil Engineering Contractors announce that a num- 
ber of member firms have models and films which are 
now available for exhibition purposes. A complete list 
can be obtained from the Federation at Romney 
House, Tufton Street, Westminster, S.W.1, but of 
hydro-electric interest it may be mentioned that 
George Wimpey arid Co. Ltd. have a table diorama 
of Pitlochry dam and power station (3 ft. by 2 ft.) and 
that the following films are available: Lochalsh 
Hydro-Electric Scheme (Richard Costain Limited); 
The Moriston Project (The Mitchell Engineering Com- 
pany); Power for Uganda (Edmund Nuttall Sons and 
Co. (London) Ltd. and J. L. Keir and Co. Ltd.); Rox- 
burgh Dam (Holland & Hannen and Cubitts Limited). 
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Rapid Tunnel Driving 


A figure which may well constitute a record for 
sustained tunnelling has been achieved by R. J. 
McLeod (Contractors) Ltd., contractors for The North 
of Scotland Hydro-Electric Board’s Lednock tunnel. 
This tunnel is being driven to a bed width of 8 ft. 
through hard porphyry rock and Messrs. McLeod's 
crews recently achieved a figure of 1.621 ft. for a 30- 
day period, based on a total working week of 134 
hours. 

The Lednock tunnel is part of the Breachlaich sec- 
tion of the Breadalbane project. Work on the portal 
began last Christmas, and the actual tunnelling opera- 
tions were begun on January 21st. The tunnel is being 
driven from one heading at the Lednock end. Over 
the 5-week period concerned the number of rounds 
fired was 241 with an average pull of 6 ft. 9 in. and 
the total footage drilled was over 41.500 ft. The best 
weekly advance was 429 ft. 

The tunnelling crews with one foreman in charge 
consisted of :— (Day Shift) shift boss, 5 machine men, 
| loco driver, 1 Eimco driver, 2 tip men, 3 plate layers, 
1 powder monkey, | compressor man/ drill repairer. 
1 fitter, | welder/ blacksmith, | electrician, 1 handy- 
man; (Night Shift) shift boss, 6 machine men, | loco 
driver, | Eimco driver, 2 tip men, | compressor man 
and | handyman. 

The working week began at 10 o’clock on Sunday 
night, the next shift taking over at 8 am., Monday. 
The men then worked on a basis of two 12-hour shifts, 
the last finishing at noon on Saturday. The tunnel- 
ling crews consisted of Scots, Poles and Irishmen. 
who averaged 4 rounds per shift. The average cycle 
of operations took about 3 hours and consisted of 45 
min. drilling, 20 min. charging and blasting, 40 min. 
to allow the atmosphere to clear and for meal breaks 
and | hour 15 min. for mucking. Five Atlas Copco 








Fig. 1. Two members of the tunnelling crews respon- 
sible for driving 1,621 ft. in 30 days 


BBD 41 drills were used and the drilling period was 
often completed in 35 min., the best time recorded 
for a full cycle being 2 hours 15 min. 

The drilling equipment consisted of seven Atlas 
Copco BBD 41 WK drills with BMK _ pusher legs, 
five drills being in use and two kept in reserve. These 
machines weigh 50 Ib. and make 3,000 impacts per 
minute. Sandvik Coromant drill steels (7 ft. 10 in.) 
were employed for all operations to save changing 
time: their average life exceeded 750 ft. The steels 
were ground after every round. An Eimco “21” rocker 
shovel. which shifted 15 cu. yd. per round, was used 
on a 2 ft. gauge. A Bev electric 
loco with Hudson 14 yard skips— 
side tipping—removed the rock 
from the tunnel face, and a mov- 
able loop, 100 ft. in length, was 
employed for switching. Two 
Atlas Copco AR 3 skid-mounted 
compressors maintained the 95 Ib. 
per sq. in. air pressure required 
at the face. 

The drilling pattern varied from 
21 to 23 holes with a 3 to 4 hole 
burn cut and 80 Ib. of Polar 
Ammon Gelignite were used per 
round, with 4 sec. delay detona- 
tors. Ventilation was effected with 
a Sturtevant fan outside and Aero- 
foil booster fans inside the tunnel. 

Consulting engineers for the 
Lochan Breachlaich section of the 
Breadalbane Scheme are Messrs. 
Duff & Geddes, of Edinburgh, in 
association with R. H. Cuthbert- 
son, also of Edinburgh. 


Fig. 2. Skid-mounted compressors which maintained a pressure of 
95 p.s.i. at rock face 
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Nuclear Densimeter 


Asa result of our article “New Tools for Engineers” 
in the June issue, our attention has been drawn to 
a new instrument which is now being used in con- 
structing a 19-mile length of trunk roadway in Ghana. 
The French contractors are Messrs. Constructions 
Coignet Togo, who intend to use a newly developed 
nuclear instrument for the large number of density 
and moisture-content determinations specified by the 
consulting engineers, Sir William Halcrow & Partners, 
to ensure proper control of the consolidation of the 
foundations. Control tests are now required for all 
kinds of earth structures, whether they be for roads, 
foundations, embankments or dams. To be effective 
at all points these tests need to be systematic and 
many in number, and what is perhaps worse, they 
have hitherto been rather elaborate in nature, time- 
taking, and to some extent, destructive. Any instru- 
ment which provides the required answers quickly and 
accurately, and especially without disturbing work 
that has already been finished, has therefore many 
attractions. 

The instrument shown in the accompanying illus- 
tration is of French design and manufacture. It con- 
sists essentially of a radio-active Cobalt 60 source, 
which is inserted into the material whose density it is 
required to measure. On the surface of the ground a 
geiger counter receives and records the number of im- 
pulses received from the source and the density is 
derived from the attenuation of the output of the 
source. Impulses are counted on a mechanism and the 
density is read off the calibration curve which relates 
impulses per minutes to density. The machine has 
been tested for the consulting engineers in Great 
Britain, and after some instrumental faults had been 
rectified, the accuracy was found to be consistently 





















The nuclear densimeter in use 
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high. It is now in the field in Ghana and if it proves 
its reliability we shall describe it in greater detail in 
a future issue. 


Transporting a 130 ton 


5 
Transtormer 


When planning the Smestad generating station, 
Oslo Lysverker (Oslo Electricity Authority) estimated 
that some two million Kr. could be saved if two 100 
MVA three-phase transformers were used instead of 
six single-phase transformers. The problem was to 
transport these transformers, weighing 130 tons each, 
from the railhead to the power station over narrow. 
winding roads, having gradients of up to 1 in 6, in 
the winter season. The operation was planned in 
minute detail under the guidance of Mr. Hoye, Works 

























Crane trailer with its load in Norway 


and Transport Manager of Oslo Lysverker, who ulti- 
mately instructed Cranes (Dereham) Limited to design 
a trailer capable of carrying a load of 150 tons. This 
consisted of a 24-wheeled machine equipped with 
hydraulic suspension and steering on both front and 
rear bogies. which was delivered in Oslo in the sum- 
mer of 1956. A trial run was first made by transport- 
ing a 55-ton transformer and the experience gained 
showed that the most direct route would not be prac- 
ticable, and that a journey of about seven miles would 
be necessary. In addition to making provision for the 
whole length of this road, small bridges had to be re- 
inforced by scaffolding and other means, and in one 
case, in bridging the Hoffbekken, a portable steel 
bridge was constructed so as to lie freely over the old 
bridge and take the entire weight of the transport. 
Getting the transformer from truck to trailer proved 
a tricky job. To ensure success of the whole venture, 
accurate positioning of load on transport was essen- 
tial, one centimetre only being the margin allowed 
for error. However, by first jacking up the transformer 
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to the required height, dismantling the railway trans- 
porter and then assembling the trailer round the trans- 
former a successful transfer was achieved. By means 
of its built-in jacks the trailer was able to raise itself 
up to the transformer and then lift the latter free. 
Four tractors were used to haul the trailer, two in 
front and two at the rear. The weather was as bad as 
possible, with sleet and icy roads, and it was midnight 
before everything was ready for the start. The most 


Alcan’s New 





Cofferdam round temporary power-house e 


The Aluminum Company of Canada Limited is 
making steady progress with its vast new hydro-elec- 
tric power project at Chute-des-Passes on the Upper 
Peribonka River in Quebec. The scheme involves the 
driving of a tunnel six miles long to connect the reser- 
voir with an underground power house which is now 
being excavated. This power house will house five 
200,000 h.p. turbo-generators utilising a gross head 
of 635 ft. when the reservoir is full. The tunnel will be 
35 ft. in diameter and at the power house end will 
divide into five penstocks. Some 3,000 men are now at 
work on the tunnel, access to which is gained by three 
adits. 

The tailwater will be discharged through a second 
tunnel, 14 miles long, into the Peribonka river, which 
flows so that it will be used again in the Saguenay 
area power stations. 

When completed, the new project will add a million 
h.p. capacity to Alcan’s power network for smelting 
aluminium, at a cost of about $150,000,000. First 
power should flow by summer 1959, while the entire 
project should be completed by mid-1960. A new 
transmission line is to be built to carry the power 100 
miles south from the new power house to Isle Maligne. 
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impressive Manoeuvre was to negotiate a bend of 
180° in a narrow stretch of road, with lighting stan. 
dards, a manhole cover and other obstacles to be 
avoided. This was achieved in one go by reducing 
towing to one tractor, so as to shorten the Overall] 
length, and by skilfully manipulating the steering op 
the rear bogie. The journey fromm Oslo to Smestad. 
together with loading and unloading, occupied three 
days, and was in every way a success. 


Power Project 


xcavation for Chute-des-Passes project 


where it will be distributed to Alcan’s smelters in the 
area. 

The Chute-des-Passes development is part of an 
expansion programme which includes the construction 
of facilities to produce an extra 120,000 tons of alu- 
minium in the Saguenay area. 


Rubberised Bitumen Compounds 


In the December 1956 issue of this journal, page 
463, an account was given of the use of the vacuum 
process as applied to the Quoich dam, built for the 
North of Scotland Hydro-Electric Board as part of 
the Garry scheme in Inverness-shire. It will be re- 
called that the dam consists of more than half a mil- 
lion tons of rockfill, the upstream face of which is 
protected by rectangular concrete slabs. placed under 
vacuum, with vertical and horizontal expansion joints. 
It was these joints that had to be sealed without in 
any way detracting from their usefulness in taking 
up thermal expansion or settlement of the rockfill. 

The Building Chemicals Division of Evode Ltd. of 
Stafford was invited to supply a rubberised bitumen 
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jointing compound for this purpose. The rigid speci- 

fication demanded that the compound should main- 

tain its elasticity at temperatures ranging from below 

freezing point to 100°F., without flowing down the 

fairly steep slope of the dam. The vertical joints were 

8 in. deep and 2 in. wide. Set in the lower part of the 
joint was the usual U-shaped copper water seal, with 
a loop approximately 4 in. deep and 14 in. wide. The 
joint above the copper loop had to be filled with com- 
pound, and good adhesion was essential to both the 
copper and the concrete. 

Samples of compound were formulated and made 
up, and a series of tests began in the Evode research 
laboratories in Stafford. One batch of samples was 
kept in a refrigerator, at temperatures below freezing 
point, for days on end, and showed no signs of 
deterioration. 

But when these samples were filled into a section 
of the copper seal and placed in the hot summer sun 
at an angle equivalent to the slope of the dam, dis- 
tinct flow lines began to appear, although the ad- 
hesion to the copper was perfect. It was found that 
this formulation could not satisfactorily withstand 
temperatures ranging between 75° and 80°F. 

A second sample was made up and tested, using a 
bitumen with a higher melting point. As before, the 
cold test was completely successful and adhesion was 
perfect. During the heat test temperatures up to 85 
deg. F. were recorded and the material showed no 
signs whatever of flowing. 

It was then decided that this was probably the 
highest temperature ever likely to be reached, as once 
the dam was in use the water would cover two-thirds 
of the concrete face and would inevitably help to keep 
the temperature down. No less that 27 tons of this 
specially-formulated compound were used on the dam. 

The Loch Quoich dam is now in use and has in- 
creased the area of the loch from 3 sq. miles to 7 sq. 
miles. Both the consulting engineers, Sir William Hal- 
crow & Partners, and the main contractors, Richard 
Costain Ltd.. are very satisfied with the results ob- 
tained from this special jointing compound. 


Short C.P.9 Hand Drill 
For operation in confined spaces, the Consolidated 
Pneumatic Tool Company have developed a new ver- 
sion of their C.P.9 hand drill. 
The new design, illustrated herewith, is provided 





Short version of C.P.9 hand drill 
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with an offset handle which reduces the overall length 
from 14} to 11% in. and in virtue of shortened steels, 
the new tool is capable of being employed in extremely 
small working spaces. 

The C.P.9 hand drill is a miniature rock drill which 
has won popularity for drilling plug holes in tough 
rock and concrete. It is fully rotational and rapid 
change from rotary drill steels to non-rotary chisels 
makes it an extremely versatile tool with a large num- 
ber of applications. 

The weight is 74 lb. and complete equipment in- 
cludes a 1} in. T.C. tipped drill stem, a peg point, 
flat chisel, metal carrying case, oil can and a length 
of } in. hose and connections. 


Helicopter used in 
Hydro-Electric Survey 


To speed up the initial survey work for the con- 
struction of tunnels and aqueducts on their Killin con- 
tract for the North of Scotland Hydro-Electric Board, 





Helicopter about to alight on a stage at a base camp 
in the North of Scotland 


the Mitchell Construction Company are using a heli- 
copter to establish stations over the rough and in- 
accessible terrain which forms the site. The helicop- 
ter. which is of the Bell 47 type, carries the survey 
teams and necessary materials to the stations on the 
mountain peaks. With the assistance of the helicop- 
ter it is estimated that about ten weeks will be saved 
in making the preliminary investigations to locate and 
establish the stations. 

The machine can carry a load of 600 Ib. to any of 
the sites in a matter of minutes compared with a jour- 
ney that would take as many hours on the ground, 
as the stations could normally only be reached by 
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This loader fills large cars—without a conveyor! 


Strong and rapid throw enables the Atlas Copco LM 200 
Loader to fill large and long cars without a conveyor. So it 
costs less to buy—and much less to operate and maintain. 


Working time cut by a fifth 

Atlas Copco LM 200 Loaders are designed to do bigger 
jobs faster. Their mucking capacity, proved under actual 
working conditions in various parts of the world, is up to 
80 cu. yds. an hour (effective loading time) for rock of big 
fragmentation and 130 cu. yds. for gravel and smaller 
stones. Wider working width and quick bucket action, 
larger bucket capacity and simpler operation can cut down 
working time by as much as a fifth. And operator fatigue 
is greatly reduced by the pneumatic centering and swinging 
mechanism. 

Other types in the Atlas Copco range are the LM 100 and 


LM 30, which will dispose of 60 cu. yds. and 30 cu. yds 
(rock of big fragmentation) per hour respectively. Al 
types of Atlas Copco Loaders are completely enclosed ané 
robustly built to withstand very heavy duties on under 
ground or surface work. 


World-wide sales and service 

The Atlas Copco Group puts compressed air to work for 
the world. It is the largest group of companies specialising 
in the development and manufacture of compressed aif 
equipment. It embraces Atlas Copco companies or agents 
manufacturing or selling and servicing Atlas Copco equip 
ment in ninety countries throughout the world. For further 
details of the equipment featured here, contact your loca! 
Atlas Copco Company or Agent, or write to Atlas Copco 
AB, Stockholm 1, Sweden. 


Sltlas Copco 


(Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipmen 
entill- 
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consulting engineers for the project are Messrs. James 
Williamson & Partners. 

The Mitchell Construction Company have been 
engaged on hydro-electric schemes in Scotland for six 
years and have already completed 24 miles of tun- 
nels, 2 large dams, shafts and other associated work 
on the Moriston and Breadalbane schemes. 





experienced rock climbers carrying much lighter 
loads. The survey extends over an area of 80 sq. 
miles and the Killin contract, which is valued at £24 
million, is for the construction of 15 miles of tunnels, 
8 miles of piped aqueduct and 80 associated intake 
weirs and shafts together with 18 miles of access 
roads. The work is estimated to take three years; the 
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Driving Power Tunnels 
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Cutting face, 26 ft. diameter, as used in Oahe hydro-electric scheme 


The driving of power tunnels for hydro-electric 
development is often a slow and expensive operation. 


face is the machinery and control room and behind 
this a jig for assembling the steel supports which were 


os Where the driving takes place through rock there necessary in the loose ground through which the ex- 
Al is little the engineer can do to speed the work cavation was taken. 
| anc with the exception of careful planning and mechani- An electric cable provided the power to operate 
ader- sation. the machine and also the belt conveyor for removing 
In soft ground, however, a recent development of the excavated material from the cutting face to the 
machinery used in the past for deep coal mining has portal for disposal. With this arrangement a separate 
allowed tunnel driving to be carried out more means for removing the spoil was not needed. 
¢ for quickly. The machine has been named a giant mole At the front of the machine the circular inner cut- 
sing and it was developed by James S. Robbins and ting face has three sets of knives arranged radially 
| aif Associates of Chicago for Mittry Constructors of Los from the centre. In each row there are ten knives 
ents Angeles who were carrying out work on the Oahe_ which cut forward into the shale for nearly a foot 
uip dam on the Missouri river in South Dakota. depth at each revolution. Between the knives are 
ther The contractor had to drive and line six tunnels, wedge-shaped rollers which break open the cuts 
each having a length of over a third of a mile, through made by the knives and allow the broken shale to 
os weak shale which the specification said should not be fall to the bottom of the excavation. 
peo exposed to air for more than thirty days. The ex- To prevent the machine from binding an annular 


nent 





cavated diameter of the tunnels was 26 ft. 

Built by the Continental Foundry and Machine 
Company of East Chicago the machine consists of a 
circular cutting face 26 ft. in diameter with an inner 
and an outer cutting set of knives. Behind the cutting 
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space is cut around the machine by the outer cutting 
head which in addition to being equipped with steel 
knives is also provided with small buckets or scoops 
which remove the excavated material so that it falls 
to the invert by the action of the inner cutting face. 
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Switzerland builds 
world’s 
highest dam 


Atlas Copco drills and Sandvik Coromant 
steels drill 50 miles of tunnel 








Mauvoisin and Grande Dixence are the two largest hydro- 
electric projects ever carried out in Switzerland. They are being 
constructed simultaneously and are situated in the same area, 
on the slopes of the Alps in the Canton of Wallis. When com- 
pleted, the Grande Dixence dam will be the highest ever built in 
the world; 93i feet high, with the huge volume of 7.6 million 
cubic yards of concrete. The Mauvoisin dam will be 777 feet 
high, with a volume of 2.6 million cubic yards. The four under- 
ground power houses will have an installed generating capacity 
of 1,200,000 kilowatts—one-third of Switzerland’s present 


capacity. 


Atlas Copco drills and Sandvik Coromant steels 
chosen for 75° of all drilling 


On at least three-quarters of all the drilling operations for the 
Mauvoisin and Grande Dixence projects, Atlas Copco light- 
weight rock drills fitted with Sandvik Coromant tungsten- 
carbide-tipped steels are at work. They have already drilled 50 
miles of tunnels, more than a third of the distance with a section 
of 240 square feet, and have excavated two underground power 
houses. On the site of the Mauvoisin dam alone, 100 Atlas 
Copco drills were chosen for the massive benching operations. 
A major feature of the Grande Dixence project 
is the Fionnay-Nendaz tunnel. Nine miles long, 
and with a section of 240 square feet, it repre- 
sents the largest volume of rock ever excavated 
in Swiss water power construction.The opera- 
tion is being carried out exclusively with Atlas 
Copco rock drills, fitted with Sandvik Coro- 
mant steels. 


World-wide sales and service 


The Atlas Copco Group puts compressed air 
to work for the world. It is the largest group of 
companies specialising solely in the development and manu- 
facture of compressed air equipment. It embraces Atlas Copco 
companies or agents manufacturing or selling and servicing 
Atlas Copco equipment in ninety countries throughout the 
world. For further details of the equipment featured here, con- 
tact your local Atlas Copco company or agent. If you have 
any difficulty, please write to Atlas Copco (Great Britain) Ltd., 
Beresford Avenue, Wembley or Atlas Copco AB, Stockholm 1. 


Stlas Copco 


Manufacturers of Stationary and Portable Compressors, Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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Interior view of “mole,” showing driving motor, 
conveyor and ventilating duct 


With a huge machine such as this, passing through 
ground which may vary considerably in character 
throughout the cross section there is always a tendency 
for the machine to swing out of line. With the giant 
mole this has been corrected in part by the addition 
of a pilot bit and cone to the centre of the circular 
cutting face. Another method of preventing the 
machine from going off alignment is the fact that 
the inner and outer cutters revolve in opposite direc- 
tions, so avoiding the production of a dangerous 
torque which, in hard strata, could cause the whole 
machine to rotate. 


Abstracts from the 
World Technical Press 


The Valabres Scheme, Maritime Alps 

These works constitute a part of the Tinée develop- 
ment, a left-bank tributary of the Var river, about 
70 km. north of Nice. The proiect utilises a head of 
196 m. provided by the Tinée itself together with its 
left-bank tributary, the Molliéres torrent. Planned for 
a discharge of 20 cu. m. per second and a production 
of 140 million kWh a year, the works comprise a main 
intake on the Tinée, near the village of Isola, with a 
40,000 cu. m. head pond and desilting pool; a power 
tunnel 6:6 km. in length and 17 sq. m. in cross-section, 
which operates under slight pressure and, with a 
capacity of 80,000 cu. m., can also serve as a fore- 
bay; a steel penstock 2:2 m. in diameter, 315 m. in 
length, laid in an inclined shaft; an underground 
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In a similar manner to the usual type of tunnel 
shield the control room and motors behind the cut- 
ters are protected against roof falls by a cylindrical 
steel cover. This supports the weak shale roof until 
the mole has moved sufficiently far forward for the 
steel roof supports to be placed from the jumbo. 

Forward propulsion is effected by the action of 
hydraulic jacks which bear on the previously placed 
steel supports. To ensure that the force required to 
move the mole forward is not excessive, because of 
friction, a specially shaped steel plate was incor- 
porated beneath the forward end of the machine. At 
the middle length and at the rear, flanged wheels 
take the greater part of the weight. These wheels run 
on steel rails which are attached to the steel tunnel 
lining. 

Movement of the machine backwards away from 
the working face was carried out by a hydraulic ram 
incorporated in the front face of the machine. In 
addition to the cone-shaped pilot bit at the front of 
the machine some measure of control over variations 
in the alignment was possible by the use of these 
jacks. 

All the equipment in the mole was supplied by 
the General Electric Company of the United States, 
the current being generated by a diesel-electric set 
outside the tunnel portal, and stepped down in 167 
kVA transformers. The cutting faces of the mole 
are powered by two 200 h.p. wound rotor motors 
which operate through a gear reduction system, the 
hydraulic power for the jacks being supplied by a 
25 h.p. electric motor. 

The time limit of thirty days for the concrete to be 
placed made it necessary to insert the lining at the 
same time that the tunnel was being driven. It was 
possible to combine these two operations as the mole 
enabled the concrete to be placed as the spoil was 
being taken away by the conveyor system. 

By using this equipment Mittry Constructors were 
easily able to comply with the specification, complete 
the work successfully, and also to drive the tunnels 
in a quarter of the time which would have been re- 
quired with conventional methods. 


powerhouse on the right bank of the Tinée, equip- 
ped with two 21,600 h.p. vertical-shaft Francis tur- 
bines each driving a 16,700 kVA three-phase alterna- 
tor at 600 r.p.m. A subsidiary intake on the Molliéres 
torrent connects with the powerhouse by means of a 
power tunnel 2,900 m. long and a 350 m. penstock, 
of which 150 m. are laid in an inclined shaft. As, on 
the one hand, the Molliéres waters must cross the 
Tinée to reach the powerhouse and, on the other, 
the discharge from the Valabres turbines feeds, on the 
left bank, the power tunnel of the Bancairon plant, 
downstream of Valabres, the engineers planning the 
project were confronted by two problems—to convey 
a supply of 4 cu. m. per sec. across the Tinée valley 
from the Molliéres torrent and, from right to left 
bank, the discharge from the Valabres turbines. Since 
a syphon was ruled out by the topography of the site, 
the solution finally adopted, after model tests, was an 
aqueduct (8-3 sq. m. cross section) of prestressed 
concrete with a single 53-m. span without anv 
intermediate piers and capable of carrying the Mol- 
litres penstock 1-3 m. in diameter laid on its top. 
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Werkshop assembly of 
a Voith Needle Valve 
installed as shut-off valve 
behind a storage pump 
in the Reisach-Rabenleite 
Pumped - Storage Plant, 
Germany. 


The Voith Turbine Départment builds not only all types of hydraulic turbines—Kaplan Tur- 
bines, Axial-Flow Turbines, Francis and Impulse Turbines and Storage Pumps—but also al’ 


equipment involved in hydraulic steel-structure engineering. 


A special department manufactures, in addition to Automatic Sluice Gate Flaps, Bear Trap 


Weirs and Gates, all types of conduit valves—Butterfly Valves, Rotary Valves, Needle Valves 


—and also Néedle Valves and Dispersion Valves for scouring outlets, as well as Penstock 


Branches. 


The Voith Hydraulic Research Laboratory and the Voith Material Research Laboratory, with 
their complete line of modern testing and research facilities, make substantial contribu- 


tions to the progressive development of dependable hydraulic equipment. 


© J.M.VOITH GMBH: HEIDENHEIM (BRENZ)- GERMANY 
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This meant an aggregate overload of 10-5 tons per 
linear metre or 560 tons altogether. A detailed descrip- 
tion of this aqueduct is given, together with the pre- 
stressing conditions involved in this particular case. 
The authors then give an account of the actual con- 
structional work, followed by a description of the 
plant used, the erection of a temporary bridge serving 
as scaffolding for the aqueduct, shuttering, the laying 
of the prestressing reinforcement, the preliminary 
laboratory work, and the prestressing itself. In spite 
of the uncommon features of this structure, its con- 
struction was completed without incident in the record 
time of little more than two months. (J. de la Jarrige 
and F. Court, EDF, Hydraulic Equipment Region 
Alps III. Construction, Vol. XII, No. 4, April 1957, 
p. 99, 11 pp., 14 ff.) 


Velocity Measurement of Air-Water 
Mixtures 


This paper outlines the development and experi- 
mental use of a velocity-measuring instrument at the 
St. Anthony Falls Hydraulic Laboratory, University 
of Minnesota, Minneapolis, U.S.A. This instrument, 
which is fully described and is known as the St. An- 
thony Falls (SAF) velocity meter, has been found par- 
ticularly useful for making velocity traverses in air- 
water mixtures. The characteristics of air-entrained 
flow as regards bulking, velocity, depth and slope 
relationships are important to engineers concerned 
with hydraulic design but few data have been estab- 
lished on which to base quantitive estimates when 
energy dissipation in steeply graded structures is 
under consideration. 

The instrument devised is stated to be satisfactory 
for laboratory observation and is capable of recording 
individual velociy readings with an accuracy of about 
2%. Furthermore, it has been found to be perfectly 
sensitive to changes of velocity and to be not only 
reliable for making detailed studies of aerated flows 
but also for turbulence measurement. (By Lorenz G. 
Straub, John M. Killen and Owen P. Lamb, Trans- 
actions American Society of Civil Engineers, Paper 
No. 2,667, Vol. 119, and reprinted as Technical Paper 
No. 10, Series A, St. Anthony Falls Hydraulic Labora- 
tory.) 


Model Studies of Rochemaure Dam 


In a foreword to this article, M. R. Ginocchio, head 
of the “Laboratoire National d’Hydraulique,” stresses 
the importance of tests carried out at the Chatou 
Laboratory by means of models. He lists the many 
problems they can solve, especially in connection with 
intake structures, dam construction involving naviga- 
tion requirements, and dyke-type cofferdams pro- 
tecting the sites. All these problems had to be tackled 
and solved, and their results were applied to the 
Montelimar Rhone development, of which the Roche- 
maure dam is a part. The article itself first describes 
the '/,, scale model, the main purposes of which were 
to determine the exact location of the works and 
to investigate flow conditions on the Rhone while con- 
struction work was in progress; he then gives an 
account of the preliminary study made with a view to 
establishing the discharge capacity of the flood-gates 
and the shape of the apron of the dam, as well as 
determining the pattern of the dykes to regulate the 
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flow and restrict silting. These investigations made it 
possible to determine the size of the navigation chan- 
nels at the various stages of construction and demon- 
strated, at the same time, the necessity to provide for 
an emergency outlet for the Rhone floods. This outlet 
was found in the diversion channel of the Lavaizon 
torrent which returns its waters to the right-bank of 
the Rhone downstream of the dam. Details of the tests 
at each stage are given. They deal mainly with the 
dyke-type cofferdams and the flow velocities in the 
channels at various rates of discharge, and a compari- 
son of measurements taken subsequently at the actual 
site showed a close similitude. In his conclusion the 
author emphasises how necessary tests of this kind 
are, especially with works having the scope of the 
Montélimar development. Not only do they enable 
safety margins to be precisely defined for all stages 
of progress of the construction work but they also 
make it possible to forecast the behaviour of the river 
and to proceed with the work according to the most 
favourable schedule. In addition, they also ensure the 
navigability of the river during the whole constructoin 
period. (J. Chabert, chief engineer “Laboratoire 
National d’Hydraulique,” Construction, Vol. XII, No. 
4, April 1957, p. 110, 9 pp., 22 ff.) 


Some Observations on Open-Channel Flow 
at Small Renolds Numbers 


The research described in this paper, which was 
presented to the American Society of Civil Engineers, 
was concerned with open-channel flow in the range 
of Renolds numbers below about 4 x 10*. Using hy- 
draulic diameter as the length parameter in the num- 
ber, the results indicate that, at small numbers, smooth 
channel flow, both laminar and turbulent, is quanti- 
tatively similar to smooth-pipe flow. Probably, also, 
rough channel flow is qualitatively similar to rough- 
pipe flow, but there is no reliable Renolds number 
range. The shape of the channel is important in 
laminar flow, but its entire effect may be determined 
theoretically. There is a negligibly small channel- 
shape effect in smooth, turbulent flow and a some- 
what more pronounced effect in rough, turbulent flow 
(these terms are defined in the paper), and transition 
generally occurs at slightly higher Renolds num- 
bers in channels than in pipes; but the exact effect 
depends on the shape. (By Lorenz G. Straub, Edward 
Silberman and Herbert C. Nelson. Reprint from 
Journal of the Engineering Mechanics Division, 
American Society of Civil Engineers, and sent to us 
as Technical Paper No. 9, Series A. St. Anthony Falls 
Hydraulic Laboratory.) 


Apalachicola River Project 

The Apalachicola river arises out of the confluence, 
at Jim Woodruff, near the Georgia-Florida border, of 
the Chattahoochee and Flint rivers. This Federal river 
system, which drains 17,150 sq. miles above Jim 
Woodruff, will operate as a multi-purpose scheme for 
navigation, flood control, water supply, waste dis- 
posal, and, of course, power (totalling 246,000 kW), 
and is likely to have a considerable impact on a here- 
tofore rural area not unlike TVA and the Columbia 
River System, though on a smaller scale. The project 
comprises four stages: (1) Farthest upstream, Buford 
Dam, started in 1950 and expected to be on the line 
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| “ROTARY AIR COMPRESSORS 


FOR PORTABLE SERVICE 


The new oil-flooded “Power Vane” Rotary Air Compressor —aggpanash Witte sp rapes 





has made a big impact on all users of pneumatic power as 
a result of the extremely low maintenance costs which have 
become apparent during the few years they have been on 


the market. Many hundreds of these “‘Power Vane” units For Permanent Installation 


are now in service all over the world. 
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PAP ORM Ld SAO TERE 


; The advantages of the ‘‘Power Vane” rotary design can 
Factors which have contributed to these low upkeep costs, ; : : ; 

h P ‘ kshaf I be obtained by the use of these units built as stationary 
are the absence of valves, pis , crankshaft < ay —? 
are the absence of valves, pistons, crankshaft and clutch compressors with direct coupled electric drives. Because 
so that parts normally subject to the greatest wear in they deliver air at approximately 100°F cooler than 
portable compressors are entirely eliminated. ‘Power conventional compressors, they have an added advan- 
Vane” compressors run in oil for cooling, lubrication tage for underground service. 
and sealing of clearances. They are also smoother and 


quieter in operation. 


ese The Rotary principle permits the design of a compressor 3 
BS of smaller dimensions and lighter weight for a given output 
cae which is reflected in the compactness of these “‘Power Vane” J 
: = units. Added refinements are automatic capacity control, 2 





safety devices to stop the plant in the event of overheating, 


« 


and fully sprung mountings, with car type steering on four 
Model PB-4 


wheel models. Ask for Catalogue No. 58. 


Where, however, the conventional compressor is 
preferred, the PB range of air-cooled reciprocating 
machines are available in capacities from 66 to 500 
c.f.m. Alternatively, water-cooled, slow-speed com- 
pressors of the “T’’ type will meet your compressed 
air needs for year in, year out, trouble-free service. 
Ask for catalogue No. 49. 





MAKERS OF AIR COMPRESSORS AND OVER 40 DIFFERENT MODELS OF POWER TOOLS 


CONSOLIDATED PNEUMATIC TOOL CO. LTD., 232 DAWES ROAD, LONDON, S.W.6 
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this summer, creates a reserve of 637,000 acre-ft. for 
flood control and a power storage of 1,050,000 acre- 
ft.; the power plant houses two 40,000 kW and one 
6,000 kW generators driven by Francis turbines, and 
will normally provide peak-load power. (2) Fort 
Gaines, the biggest project of the system, 200 miles 
downstream from Buford, is to consist of a rolled 
earthfill dam 13,570 ft. long, with concrete power 
house, lock, spillway and non-overflow sections total- 
ling 1,420 ft. in length; in the powerhouse, four Kap- 
lan turbines will drive each a 32,500 kW generator. 
This stage is to be completed by 1962. (3) Columbia 
Dam is a reregulating structure on which present 
plans call for a start in 1959 and will provide a 
9 ft. navigation depth between Fort Gaines and Jim 
Woodruff; the dam itself is to be a concrete structure 
637 ft. long overall, but its main feature will be an 
8? x 450 ft. lock. (4) Jim Woodruff Dam, begun in 
1947, started generation recently; this is a concrete 
and earthfill structure 6,150 ft. in overall length and 
67 ft. in max. height. Its power house shelters three 
10,000 kW generators operating from a 33 ft. maxi- 
mum gross head. This stage will be operated gener- 
ally as a run-of-river plant. With Buford in operation, 
the estimated minimum average flow at Jim Wood- 
ruff will be 7,350 cusecs., which is also the minimum 
release amount. Turbine capacity is 18,800 cusecs. 
(Engineering News-Record, Vol. 158, No. 11, March 
14, 1957, p. 28, 4 pp., 5 f£.) 


Large Single-Phase Alternators 

The generating equipment for the underground 
power house of the Gdschenalp Project (WATER 
Power, February 1955, p. 79), now in course of con- 
struction, will consist of two 53,300 kVA three-phase, 
and two 50,000 kVA single-phase alternators. The lat- 
ter, which are being built by the Oerlikon Engineering 
Co., to the order of the Swiss State Railways, will be 
the largest units of this type ever manufactured to 
serve a railway system. Their main characteristics are 
500 r.p.m., 16°66 Hz., cos. ¢=0°8. The tetrapolar 
rotors will be about 3-00 m. in diam. and weigh 
approximately 160 m. tons, with the poles included. 
These alternators are of the totally enclosed type with 
closed-circuit ventilation; the spider, thrust and guide 
bearing, the main and pilot exciter, as well as the pilot 
alternator, will rest on the floor of the machine hall. 
The stator will, at the outset, be rigidly coupled with 
the frame of the corresponding turbines, but provision 
will be made for the substitution of a flexible coupling 
should this be required. The size of the stators is such 
that, to meet transport regulations, they will be de- 
livered in two pieces and wound on site. (Bulletin 
Technique de la Suisse Romande, Vol. 83, No. 6, 
March 3, 1957, p. 92.) 


Large Projects for the Future 

A general survey is given of the most important 
hydraulic works envisaged for the future. The follow- 
ing are listed among the latter: (1) Gibraltar Project. 
This scheme. advocated in 1923 by the German civil 
engineer, Hermann Zergel, contemplates the closing 
of the 14-km. wide straits by means of a horseshoe- 
shaped dam 35 km. in length by 285 m. in height. 
With a capacity of 100 million kW, the power facilities 
of the Gibraltar Dam could produce 600,000 million 


kWh a year. (2) Behring Straits Project. This scheme, 
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on which Soviet engineers are now working, would 
close the straits by a dam about 130 m. high, which 
would extend 75 km. from the Chukot peninsula to 
Alaska. A 2-million kW atomic plant set up on the 
dam would provide power for pumping which would 
draw water from the warm Kuro Shio stream, flow- 
ing from North Japan to the western coast of North 
America, and deliver it into the Arctic Ocean. The 
warm current thus created would change the climate 
of the Far North to such an extent that the Siberian 
tundra and the ice fields would be transformed into 
agricultural land. (3) St. Lawrence-Mackenzie River 
Waterway. This project, which was first mentioned 
in 1934, would connect the two rivers via Lake 
Superior, Lake Winnipeg, the Saskatchewan, Atha- 
basco and Great Slave Rivers, and the Great Slave 
Lake, with the Aklavik harbour, in the Beaufort Sea. 
as a terminus. (4) Irtish-Ob-Y enisei Project. Davidof, 
the Soviet expert, is now working out a third alterna- 
tive of this scheme which, among all these gigantic 
projects, has obviously the best chances of coming to 
fruition, since the final decision is exclusively the 
Soviet Union’s concern. By reversing the flow of these 
three great Siberian rivers and connecting them via 
Lake Aral with the Caspian Sea, ships up to 2,000 
tons would be able to sail from the Caspian Sea to 
Krasnoyarska in the heart of Siberia. Power facilities 
on the Ob would produce yearly 34,000 million kWh 
and, in addition, the diversion of 315,000 million cu. 
m. of water from the Ob and Yenisei would not only 
ensure the irrigation of 40 million hectares but also 
stop the drying up of the Caspian Sea and Lake Aral, 
thus solving a problem which has caused anxiety for 
many years. ({Ing.-Dr. K. Ruzicka, Prague, Vodni 
Hospodarstvi, No. 1/1957, p. 2, 4 pp.) 


Pressure Losses in 90° Pipe Bends 
The full title of this article. written as an introduc- 
tion to a range of tests, is “Pressure Losses caused by 
90° bends in turbulent motion in a circular conduit 
having a constant cross section.” In it, the author 
reviews most of the experimental results obtained in 
pipe bends under fairly similar conditions and works 
out a formula proceeding from the notion of equiva- 
lent length which, he claims, can easily be applied to 
actual practice. A folding table attached to the article 
gives in condensed form a synopsis of the principal 
tests referred to, and of the conditions under which 
they were carried out. (Dott. ing. Giuseppe Machne, 
Tecnica Italiana, Vol. XXII, new series XII, No. 2, 

March 1957, p. 77, 15 pp., 18 graphs, 1 table.) 


The “El Nihuil I” Power Station, 
Argentina 

A detailed description is given of this power station. 
completed last year, which utilises the waters of the 
Atuel River on the eastern slopes of the Andes in the 
Mendoza Province. The plant draws its water from a 
reservoir 260 million cu. m. in maximum capacity, 
created by an arched gravity concrete dam about 400 
m. in length by 30 m. in maximum height. The pres- 
sure tunnel, which is equipped with a differential 
surge-tank, connects with a penstock bifurcating at 
its downstream end into two Y-manifolds feeding each 
two of the four 27,000 h.p. Francis turbines. Operat- 
ing from a maximum head of 184°3 m. at 600 r.p.m. 
and passing, when fully opened, 12,600 lit. per second. 
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each turbine drives a 23,200 kVA alternator. Two of 
the turbines were supplied by the firm of Franco Tosi, 
Legnano; the other two, as well as the rest of the main 
and ancillary equipment, were manufactured and 
erected by the Ansaldo-San Giorgio concern, Genova. 
(Notiziario Ansaldo-San Giorgio, Vol. VII, No. 1-2, 
April 1957, p. 11, 26 pp., 19 ff.) 


Earth-Fill Dams in India and Pakistan 

Taking as examples the Konar dam in the Damodar 
Valley, Bihar, and the Baran dam now in course of 
construction in West Pakistan, this article describes 
how the various filling materials involved were tested 
as to suitability, and reviews the considerations on 
which the calculations and layouts are based. This 
was done by means of simple classification tests, on 
the one hand, and comprehensive shear tests on the 
other. The nature of the fill differs at both dams, the 
material used at Konar dam being residual in nature, 
and, at Baran, alluvial. While the setting up of an 
impervious cut-off proved superfluous at Konar, a 
clay diaphragm 24 m. deep had to be inserted at 
Baran. At both dams, drainage blankets were pro- 
vided; this is always a favourable constructive element 
in earth-fill dams in order to stabilise the line of seep- 
age inside the body of the dam, and to protect the 
structure from interial erosion. At the Baran dam, 
drainage wells are provided as well. (Andreas Wacker- 
nagel, Wasser- & Energiewirtschaft, Vol. 49, April 
1957, p. 91, 9 pp., 17 ff.) 


Large-scale Planning in Argentina 

A general report on the large-scale investigations 
that were carried out in Argentina between 1949 and 
1954 by a team of Austrian and German experts 
which, in addition to the author, included Professors 
A. Schoklitsch, H. Grengg and Ludin. After giving 
general data on the possibility of water-power develop- 
ment and water supply, the author divides Argentina 
into three zones which are reviewed separately. (1) In 
the Cordoba-Cuyo zone, the harnessing of Rio Tunu- 
yan to power generation and water supply appears 
economically feasible only because of the energy re- 
quirements of Buenos Aires. (II) In Patagonia 
numerous possibilities of development are ruled out 
either because of their exclusive power character 
or because the sites occur in sparsely populated 
regions, where the mustering of the necessary labour 
force would meet with insuperable difficulties. In the 
north of the province, conditions are somewhat more 
favourable and two developments are now in progress 

-Rio Limay with the Segunda Angostura dam, and 
the Lower Chubut, near the Atlantic coast. On the 
other hand, the development of the Upper Chubut 
region, which is to combine water supply and energy 
production from the Limay, Chubut, Epuyen and 
Futalaufquén rivers, will include the two well-popu- 
lated areas of Rio Negro and Esquel; this scheme, 
however, can only be planned economically in con- 
nection with the setting up of a large-scale aluminium 
industry. (III) In North Argentina, investigations led 
to the planning of two major developments—the Rio 
Grande and the Rio Dulce. The latter is to have 
priority, not only from the viewpoint of economy and 
capacity but also because it flows through the Tucu- 
man Province, the most densely populated region of 
the whole country. The second instalment of this 
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article is devoted exclusively to the general plannip 
of the Rio Dulce development and deals in detail with 
its various aspects. Once carried into effect, this deve 
lopment would enable 1-3 million hectares of land jg 
be cultivated and the installation of hydro-electrig 
plant having an ultimate capacity of 350,000 kW and 
a yearly production of 1,000 million kWh, thus eg 
suring the power requirements of an increasing popy 
lation for at least thirty years. With all the major and@™ 
minor developments contemplated, Argentina would 
have an aggregate installed capacity of nearly 7 milliog® 
kW, that is to say, more than ten times the generating 
capacity now available in the whole country. (Profeg 
sor F. M. Kiiper, Minster, Die Wasserwirtschaft, Vol, 
47, No. 2, November 1956, p. 25; No. 4, January 19577 
p. 86; 21 pp., 24 ff.) 


The Senj Project, Croatia 

The plant included in this project is to stand near 
the mouth of the Vel. Grabova, in the vicinity of the 
town of Senj, on the Croatian Coast, and is to utilise 
the waters of the Lika and Gacka streams under a 
head of about 450 m. Field survey work has been 
completed, and the location of the various parts of 
the development determined. The installation is to 
include a dam 75 m. high, creating a storage capacity 
of 100 million cu. m. on the Lika, a smaller reservoir ~ 
and a balancing reservoir, power tunnels connecting © 
the Lika and Gacka on the one hand, and the Gacka © 
and Vel. Grabova on the other, and an underground © 
power house. (Ing. Sever Mirko and Ing. Pavlin Boris, 7 
Elektroprojekt Zagreb, Bulletin of the Electricity 
Union of Croatia, Vol. 5, No. 10, October 1956, p. 10, 
5 pp.. 2 ff.) 
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THE HARLAND ENGINEERING 
COMPANY LIMITED, ALLOA 


have a vacancy for a 


SENIOR DESIGN 
DRAUGHTSMAN 


thoroughly experienced in 
HYDRAULIC TURBINES 
and ancillary equipment 
Salary in region of £1,000 p.a.; attractive 
working conditions in new office block; good 
pension scheme. 
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Write in confidence stating qualifications and 
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